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PREFACE  TO  THE  FOURTH  EDITION 


The  change  of  title  from  "Mineral  Oils"  of  the  preceding  edi- 
tions to  that  of  "Hydrocarbon  Oils"  of  the  present  fourth  edition 
seemed  necessary  for  several  reasons.  The  term  "Mineral  Oils" 
includes  in  a  narrow  sense  only  petroleum  products  but  in  a  some- 
what wider  sense  may  include  lignite-tar  oils  and  shale  oils.  There 
is,  however,  some  doubt  whether  the  coal-tar  oils,  discussed  even 
more  fully  than  in  previous  editions,  could  be  called  mineral  oils. 
Moreover  the  previously  included  light  and  heavy  rosin  oils, 
turpentine  oils  and  pine  oils  certainly  cannot  be  classified  as 
mineral  oils. 

Since  the  appearance  of  the  third  edition  in  November,  1909, 
important  work  concerning  gas  oils,  oils  for  Diesel  motors,  the 
theory  of  lubrication,  etc.,  has  been  published  and  this,  together 
with  the  newer  specifications  for  gas  oils,  Diesel  motor  oils,  etc., 
resulting  from  the  work  of  Spiegel,  Hempel  and  Rieppel,  had  to 
be  considered  in  connection  with  many  other  specifications. 
Furthermore  all  the  newer  recognized  contributions  of  theoretical 
interest  or  analytical  value  have  been  carefully  gone  over.  There 
have  been  added  new  sections  on  the  determination  of  fuel  value,  on 
the  physiological  properties  of  petroleum  products,  on  the  nomen- 
clature of  bitumens,  etc.  Numerous  tables  of  physical  constants 
have  been  introduced  to  avoid  as  much  as  possible  the  necessity 
of  reference  to  other  books.  The  chapters  on  coal  tar,  asphalt 
and  its  substitutes,  ozokerite  and  several  chapters  on  the  fat 
industry,  notably  on  hardening  of  oils,  glycerine,  varnish,  etc.,  have 
been  enlarged. 

In  general,  in  order  to  avoid  uncertainty  in  the  mind  of  the 
analyst,  it  has  been  the  aim  to  describe  only  such  methods  as  have 
been  found  useful  in,  or  have  been  tested  by,  the  Royal  Bureau 
of  Testing  Materials,  or  such  processes  as  may  be  considered  trust- 
worthy through  the  experience  of  others.  The  book  can  there- 
fore not  be  considered  as  a  complete  compilation  of  the  immense 
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IV  PREFACE  TO  THE  FOURTH  EDITION 

literature  on  the  subject;  for  details  the  reader  is  referred  to  the 
various  handbooks  which  have  recently  appeared. 

An  attempt  has  been  made  to  restrict  the  size  of  the  book  by 
eliminating  unnecessary  text,  by  reducing  the  size  of  cuts,  and  by 
omitting  many  details  which  did  not  seem  absolutely  necessary 
for  a  clear  presentation. 

In  the  preparation  of  the  new  edition  the  author  has  received 
the  enthusiastic  assistance  of  Dr.  G.  Meyerheim  with  whom  he 
has  been  associated  for  some  years  at  the  Royal  Bureau  for  Test- 
ing Materials. 

The  author  also  wishes  to  acknowledge  his  indebtedness  for 
the  many  kindly  and  helpful  suggestions  offered  by  colleagues 
working  in  various  scientific  and  industrial  fields. 

HOLDE 

Berlin,  Lichterfelde  W.,  March,  1913 


TRANSLATOR'S   PREFACE 


The  rapidity  with  which  the  successive  German  editions  of 
Professor  Holde's  "Hydrocarbon  Oils  and  Saponifiable  Fats  and 
Waxes"  have  appeared  points  to  a  widespread  demand  among 
German  chemists  for  a  book  on  these  subjects.  It  is  hoped  that 
this  translation  will  make  available  for  English-speaking  chemists 
many  useful  methods  in  addition  to  those  common  in  industrial 
practice  here. 

It  is  believed  that  the  wide  range  of  topics  covered  from  a  com- 
mon standpoint  renders  the  book  unique  in  its  availability  for 
general  work.  The  very  complete  treatment  in  one  compact 
volume  of  petroleum  and  petroleum  products,  lubricants,  natural 
asphalt,  ozokerite,  tars  from  various  bituminous  materials,  to- 
gether with  saponifiable  fats,  technical  products  prepared  from 
them,  and  waxes,  should  render  the  book  extremely  useful  in 
laboratory  investigations. 

In  attempting  to  make  the  translation  as  useful  as  possible, 
some  minor  rearrangements  and  omissions  have  been  necessary 
but  it  is  hoped  that  nothing  essential  to  a  clear  understanding 
has  been  omitted. 

Considerable  attention  has  been  directed  to  the  preparation  of 

an  adequate  index. 

EDWARD  MUELLER. 
Boston,  Mass., 
Feb.  1, 1915. 
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CHAPTER  I 

PETROLEUM  AND  PETROLEUM  PRODUCTS 

A.  Crude  Petroleum 

I.  Occurrence,  Refining  and  Uses 

The  color  of  crude  petroleum  varies  considerably;  it  is  generally 
dark  bluish  green,  dark  brown  or  almost  black  but  may  be,  as  is 
the  case  with  Pennsylvania  oil,  light  yellow  or  reddish  brown. 
Crude  oil  may  be  as  mobile  as  kerosene  or  as  viscous  as  tar,  and, 
in  the  case  of  high  paraffin  content,  may  even  have  a  salve-like 
consistency. 

The  crude  oil  is  separated  by  distillation  into  (a)  light  and  (b) 
heavy  naphtha,  (c)  higher  boiling  illuminating  oils  and  (d)  still 
higher  boiling  lubricating  oils  and  paraffin.  By  treatment  with 
concentrated  sulphuric  acid  or  by  filtration  through  fuller's  earth, 
the  crude  oil  distillates  are  purified. 

Two  general  types  of  crude  oil  may  be  distinguished:  (1)  those 
rich  in  naphthenes,  low  in  paraffin  (from  0  to  1  per  cent),  contain- 
ing little  benzine  (naphtha)  as  well  as  very  little  kerosene  but  much 
lubricating  oil  (as  the  crude  oils  from  Baku  and  from  Wietze); 
(2)  those  containing  small  amounts  of  naphthenes,  but  from  3  to 
8  per  cent  of  paraffin  and  considerable  amounts  of  naphtha,  illu- 
minating oils  and  mobile  lubricating  oils  (examples,  Pennsylvania 
oils,  Galician  oils,  light  oils  from  Hanover  and  Alsace).  There 
are,  however,  intermediate  varieties.  Bustenari  (Rumania)  oil 
contains  considerable  amounts  (25  per  cent)  of  naphtha,  but  only 
small  amounts  of  paraffin.   Argentine  *  crude  oils  from  the  eastern 

*  Longobardi,  Chem.  Ztg.,  84,  1150  (1910). 
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slopes  of  the  Andes  resemble  Russian  oils  in  high  content  of 
naphthenes  and  lubricating  oils  (69-91  per  cent),  fair  amount  of 
illuminating  oils  (9-13  per  cent)  and  a  small  amount  of  paraffin 
and  sulphur  (of  the  latter,  0.07  to  0.16,  in  some  special  instances 
0.85  per  cent) ;  the  specific  gravity  of  these  oils  ranges  from  0.898 
to  0.957,  while  the  flash  point  due  to  low  naphtha  content  may  lie 
between  40°  and  90°. 

From  one  Russian  oil  was  obtained  0.2  per  cent  of  naphtha 
(Baku  oil),  another  sample  (Bibi  Eibat)  gave  4.9  per  cent,  while 
a  Pennsylvania  oil  gave  11.5  per  cent;  a  Rumanian  (Campina)  oil 
gave  3.4  per  cent  of  naphtha  boiling  below  120°,  with  25  per  cent 
boiling  under  150°  and  35-45  per  cent  of  illuminating  oil.  The 
residue  from  distillation  in  the  case  of  a  Rumanian  (Bustenari)  oil 
contained  0.5,  a  Campina  oil  contained  18  per  cent  paraffin. 

At  the  present  time  oil  is  found  in  Germany  at  Wietze  in  Han- 
over, at  Obershagen  near  Peine,  and  at  Pechelbronn  in  Alsace. 
The  oils  of  Alsace,  which  contain  considerable  paraffin,  yield  naph- 
tha, illuminating  oil,  easily  solidifying  lubricating  oils,  cleaning 
oils,  gas  oils,  paraffin  and  asphalt.  Heavy  oil  from  Wietze  (sp. 
gr.  over  0.94)  contains  about  10  per  cent  of  illuminating  oil,  the 
rest  is  lubricating  oil  and  asphalt;  light  oil  from  the  same  source, 
containing  more  naphtha  and  kerosene,  also  contains  3  per  cent 
of  paraffin. 

The  world's  production  of  petroleum  *  for  1912  was  distributed 
as  follows: 

Barrels 

United  States 219,000,000 

Russia 63,000,000 

Mexico 16,000,000 

Dutch  Indies 13,000,000 

Rumania 12,500,000 

Galicia 8,000,000 

British  India 7,500,000 

Other  Countries 10,000,000 

The  products  of  refining  are  used  in  internal  combustion  engines, 
as  solvents,  as  illuminating  oils,  for  fuel,  for  lubrication,  in  the 
candle  industry,  as  transformer  oils,  vaseline,  pitch,  asphalt,  elec- 
trode carbon,  etc. 

*  Jour.  Ind.  and  Eng.  Chem.,  5,  340  (1913). 
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II.  Chemical  Composition 

Crude  petroleum  *  consists  mainly  of  high  boiling  hydrocarbons, 
non-aromatic  in  nature,  of  which  the  lighter  are  insoluble  in  con- 
centrated sulphuric  acid,  while  the  heavier  ones  are  partially 
soluble;  there  are  also  always  present  bodies  containing  oxygen 
and  sulphur.  Aromatic  hydrocarbons  (benzol  and  homologues) 
are,  however,  found  in  some  crude  oils;  California,  Texas  and  Ohio 
oils,  as  well  as  Rumanian  petroleum,  contain  large  amounts  of 
heavier,  mainly  aromatic  hydrocarbons.  In  two  Rumanian  oils 
(Campina-Baicoiu,  33  per  cent,  Bustenari,  48  per  cent)  heavy 
components,  soluble  in  fuming  sulphuric  acid,  were  found,  these 
being  now  separated  by  a  process  patented  by  Edeleanu,  liquid 
sulphur  dioxide  being  used.  The  chemical  nature  of  the  viscous 
lubricating  components  of  crude  petroleum  has  recently  become 
better  understood.  These  components  consist  of  hydrocarbons 
of  the  nature  of  polynaphthenes,  containing  little  hydrogen,  small 
amounts  of  unsaturated  aliphatic  hydrocarbons  of  high  molecular 
weight,  to  which  the  low  iodine  and  bromine  absorption  is  due, 
and  cyclic  hydrocarbons,  reacting  with  formalin  (according  to 
Nastjukoff,  see  page  38).  According  to  Marcusson  f  the  less  a 
machinery  lubricating  oil  contains  of  the  latter,  the  more  viscous 
it  will  be;  for  he  considers  that  mineral  machine  oils  owe  their 
lubricating  power  chiefly  to  the  components  not  reacting  with 
formalin. 

The  other  components  of  crude  oil  (naphtha,  illuminating  oils, 
gas  oils  and  paraffin)  consist,  in  the  case  of  Pennsylvania  oils, 
mainly  of  saturated  hydrocarbons  of  the  methane  series  CnH2»+2; 
in  the  case  of  Russian  oils,  naphthenes  are  the  main  components, 
in  the  investigation  of  which,  Lissenko,  Beilstein,  Kurbatoff, 
Wreden,  Markownikoff,  and  others  t  took  part.  Most  of  the 
naphthenes  are  cyclic  hydrocarbons  (Kishner,  Aschan  and  others) 

*  Crude  petroleum,  as  well  as  the  natural  gas  accompanying  it,  natural 
asphalt,  mineral  pitch,  etc.,  are  classed  together  technically  with  many  sub- 
stitutes for  the  latter,  under  the  term  bitumen.  Recently  a  classification  of 
bitumens  in  light  of  newer  knowledge  has  been  given  from  a  scientific  stand- 
point by  C.  Engler  (Petrol.,  7,  400  (1912));  another  classification  more  nearly 
meeting  the  technical  requirements  is  given  on  page  207. 

t  Chem.  Ztg.,  35,  729  (1911). 

t  Wischin,  Die  Naphthene,  3. 
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of  the  type  of  polymethylenes  (pentamethylene,  hexamethylene, 
and  methyl  hexamethylene),  for  example 

CHj  •  CH2  •  CHs  •  CHs  •  CH2. 

j 1 

In  so  far  as  these  are  hexamethylene  derivatives,  they  may  be  con- 
sidered as  hydrogenated  benzol  or  homologues.  The  naphthenes 
do  not  react  with  permanganate,  only  slowly  with  cone,  sulphuric 
acid,  but  are  substituted  by  chlorine,  bromine  and  under  certain 
conditions  by  dilute  nitric  acid,  though  difficultly,  and  are  much 
more  like  the  aliphatic  than  the  aromatic  hydrocarbons.  Cone, 
nitric  acid  forms  adipic  acid  from  hexamethylene  and  glutaric  acid 
from  pentamethylene. 

The  hydrocarbons  of  the  nitrogen-  and  sulphur-containing  Texas 
oils  are  mostly  members  of  the  C»H2  »-3  series,  containing  a  double 
polymethylene  (di-cyclic)  ring.*  Among  the  German,  Galician 
and  Rumanian  oils,  according  to  their  origin,  are  found  sometimes 
more  derivatives  of  the  methane  series,  sometimes  more  members 
of  the  naphthene  series. 

Besides  mercaptan  and  sulphide-like  derivatives  (Texas  and 
Ohio  oils)  and  asphalt-like  resinous  bodies  containing  oxygen  and 
sulphur,  pyridine  bases  are  sometimes  found  accompanying  crude 
oils  (especially  Texas  oil),  these  being  derived  from  the  decompo- 
sition of  the  remains  of  marine  animals  (the  probable  source  of 
petroleum).  In  the  case  of  Pennsylvania  crude  oil,  35  per  cent 
of  the  part  distilling  over  200°  was  soluble  in  cone,  sulphuric  acid. 
This  agrees  with  Mabery's  results;  Mabery  found  in  the  portion 
boiling  over  200°  (Pennsylvania,  Ohio  and  Canada  oils)  saturated 
hydrocarbons  up  to  C20H42,  but  also  members  of  the  C«H2«  and 
of  the  C„H2  n-4  series  up  to  CssHm»  While  the  latter  f  did  not 
solidify  at  —  10°,  the  former  melted  above  50°.  Krämer  and 
Spilker  found  the  composition  of  a  Baku  lubricating  oil,  which 
they  carefully  purified  with  cone,  sulphuric  acid,  to  be  87  per 
cent  of  carbon,  and  13  per  cent  of  hydrogen  (corresponding  to 
the  formula  C30H»  or  CnH2n-4;  they  \  assume  that  two  molecules 
of  polymerized  decylene  (CioH»^  pass  into  two  molecules  of 
C10H22  and  one  of  CsoH*.  The  portion  boiling  under  200°  con- 
tains mostly  members  of  the  methane  and  the  naphthene  series. 

*  Jour.  Amer.  Chem.  Soc.T  23,  264  (1901). 
t  Amer.  Chem.  Jour.,  28,  165  (1902). 
t  Ber.  86,  645  (1903). 
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The  carbon  content  of  various  crude  oils  varies  from  79.5  to 
88.7,  the  hydrogen  content  from  9.6  to  14.8,  the  oxygen  content 
from  0.1  to  6.9,  the  nitrogen,  from  0.02  to  1.1,  the  sulphur,  from 
0.01  to  2.2  per  cent.  In  the  following  table,  elementary  analyses  of 
various  oils  are  given: 

TABLE  1 


Source 


Pennsylvania 

OHCity,Pa 

Findley,  Ohio 

Lima,  Ohio 

Beaumont,  Texas 

Ventura,  Cal 

Wasatch  Range,  Utah 

Grossny  0.906 

Grossny  0.850 

Tscheleken  0.8736 

Campeni-Parjol 

Bustenari  (Prahowa) . . 


c 

H 

O 

s 

86.06 

13.89 

a     •     a      a 

0.06 

85.80 

14.04 



84.57 

13.62 

0.98 

0.72 

85.00 

13.80 

•  •  •  ■ 

0.60 

85.05 

12.30 

•  •  »  « 

1.75 

84.00 

12.70 

1.20 

0.40 

86.86 

11.89 

0.59 

0.64 

86.41 

13.00 

0.40 

0.10 

85.95 

13.00 

0.74 

0.14 

86.40 

12.44 

0.377 

*      •      •       • 

85.29 

14.21 

•      •      a      a 

0.03 

86.30 

13.32 

•      •      ■      • 

0.18 

0.11 
0.68 

*  •  •  ■ 

1.70 
0.02 

0.07 
0.07 


Authority 


Ensler 

Mabery 

Mabery 

Rakusm 

Richardson 

U.  S.  G. 

Mabery  and 

Byerly 
Charitschkoff 
Charitschkoff 
Charitschkoff 
Edeleanu  and 
Tanascu 


The  following  methods  are  used  to  separate  the  different  groups 
of  substances  occurring  in  crude  petroleum: 

1.  Acid  components  (phenols,  naphthenic  acids)  are  separated 
by  means  of  dilute  sodium  hydroxide. 

2.  Nitrogen  derivatives  (homologues  of  pyridine,  etc.,)  are 
separated  by  means  of  mineral  acid  (see  page  258). 

3.  Unsaturated  hydrocarbons  are  absorbed  by  cone,  sulphuric 
acid. 

4.  Aromatic  hydrocarbons  are  separated  by  the  nitration 
method. 

5.  Unsaturated  cyclic  hydrocarbons  are  separated  by  the  for- 
molit  reaction  (see  page  38). 

6.  Solid  paraffins  are  separated  by  the  method  described  on 
page  37. 

7.  The  resinous  red  to  dark  brown  bodies,  which  contain  less 
hydrogen  and  carbon  but  more  oxygen  and  sulphur  than  the  other 
components  of  the  oil,  can  be  absorbed  by  filtration  through  bone- 
black  or  fuller's  earth,  the  resinous  bodies  being  adsorbed,  the 
rest  of  the  crude  oil  filtering  through;  after  dissolving  the  adhering 
traces  of  oil  by  means  of  naphtha,  the  resinous  portion  can  be 
extracted  with  benzol  or  chloroform.    The  asphalt-like  bodies 
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which  are  also  resinified  and  contain  even  more  oxygen  and  sulphur 
than  the  resins  just  mentioned  can  be  separated  as  described,  or 
by  means  of  alcohol-ether,  naphtha,  amyl  alcohol,  etc.,  as  de- 
scribed on  page  34. 

III.  Formation  of  Petroleum 

This  question  is  of  great  chemical  as  well  as  geological  interest. 
The  older  hypothesis,  by  which  the  petroleum  has  an  inorganic 
origin,  has  today,  because  of  the  optical  rotatory  power  of  the 
crude  oil  and  for  geological  reasons,  lost  favor.  Such  hypotheses 
were  suggested  by  Mendelejeff  and  by  Sabatier  and  Senderens. 
According  to  Mendelejeff  the  petroleum  resulted  through  the 
action  of  steam  on  carbides  of  iron  in  the  interior  of  the  earth; 
according  to  Sabatier  and  Senderens,  hydrogen  and  acetylenes 
(resulting  from  the  action  of  water  on  alkali  and  alkaline  earth 
metals,  and,  on  carbides)  by  contact  with  metallic  bodies,  acting 
as  catalyzers,  formed  aliphatic  or  cyclic  derivatives  according  to 
the  conditions. 

The  hypotheses  proposed  more  recently  favor  in  general  the  for- 
mation from  organic  material.  This  view  is  supported  by  the 
work  of  Biot  in  1835  on  the  optical  rotatory  power  of  crude  oil,  to 
which  attention  was  again  drawn  by  Waiden  *  and  by  Tschugajeff,t 
and  which  has  recently  been  carefully  studied  and  confirmed  by 
Rakusin,  by  C.  Engler  and  others.  Differences  of  opinion  exist 
only  as  to  whether  the  petroleum  is  derived  from  animal  or  from 
vegetable  material,  or  from  both. 

C.  Engler  first  showed,  by  experiment,  after  Höfer  had  concluded 
from  geological  evidence  that  the  petroleum  was  derived  from 
marine  deposits,  that  an  artificial  petroleum  could  be  obtained 
by  the  distillation  of  fats.  He  carried  out  his  experiments  with 
the  fat  of  marine  animals.  According  to  the  theory  of  Engler  \ 
the  petroleum  is  formed  from  the  fatty  remains  of  all  kinds  of  life, 
by  decomposition  under  pressure,  after  the  other  accompanying 
matter  (protein  substances)  has  changed  by  putrefaction  into 
water-soluble  nitrogen  and  sulphur  derivatives.  The  lighter  hydro- 
carbons, resulting  from  vigorous  treatment  of  fatty  acids  (adipo- 

*  Naturwiss.  Rundschau.,  15,  No.  12-16,  (1900). 

t  Chem.  Ztg.,  28,  505  (1904). 

X  Ber.,  21, 1816  (1888);  22,  592  (1889);  26, 1440  (1893);  80,  2358  (1897); 
Jahr.  Kgl.  preuss.  geoL  Landesanst.,  25,  350  (1904);  Chem.  Ztg.,  80,  711 
(1906). 
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cere),  containing  paraffins,  ethylenes  and  naphthenes,  are  supposed 
to  have  polymerized  to  the  higher  boiling  portions  in  the  course 
of  long  geological  periods.  Engler  observed  a  gradual  increase  in 
the  specific  gravity  of  his  synthetic  petroleum  on  standing,  which 
might  be  interpreted  as  a  confirmation  of  the  polymerization 
hypothesis. 

According  to  Engler*  naphthenes  result  by  the  condensing 
action  of  aluminum  chloride  on  ethylenes,  also  by  simple  heating 
of  the  latter  to  250-270°,  thus  giving  a  possible  explanation  for  the 
formation  of  the  naphthenes. 

Marcusson  f  thinks  that  the  higher  boiling  fractions  of  petroleum 
could  not  have  been  formed  from  the  more  volatile  portions,  be- 
cause the  former  have  a  greater  optical  rotatory  power  than  the 
latter;  the  opposite  view  would  seem  to  him  the  more  reasonable  one. 

According  to  Stahl  J  as  well  as  Kramer  and  Spilker  §  the  source 
of  petroleum  may  be  large  deposits  of  diatoms.  Potonie  has 
shown,]|  however,  that  the  material  on  which  the  hypothesis  was 
based  was  really  not  a  diatomaceous  earth  but  really  a  mixed 
material,  a  rock  containing  animal  and  vegetable  remains  and  ex- 
cretions; Potonie  considers  that  petroleum  may  be  a  distillation 
product  of  this  material.  If  By  extraction  of  a  combustible  biolith 
with  different  solvents,  Holde  was  able  to  obtain  **  as  much  as 
7.7  per  cent  of  fatty,  wax-like  or  colophony-like  bodies. 

Künkler  and  Schwedhelm  ft  found  in  support  of  Engler's  experi- 
ments that  the  calcium  salts  of  fatty  acids  heated  to  270-320° 
give  hydrocarbons  like  those  found  in  lubricating  oil.  This  is  in 
accordance  with  the  suggestion  of  Hoppe-Seyler  %t  who  pointed 
out  the  instability  of  the  fatty  acids  and  the  necessity  of  testing 
the  possibility  of  the  formation  of  petroleum  by  the  decomposition 
of  calcium  and  magnesium  salts  of  fatty  acids,  especially  of  calcium 
salts  formed  by  the  action  of  calcium  carbonate  on  the  fatty  acids, 

*  Ber.,  42,  4613  (1900). 
t  Chem.  Rev.,  12,  1  (1905). 
t  Chem.  Ztg.,  23,  15  (1899). 
S  Ber.,  32,  2940  (1899);  85,  1212  (1902). 
||  Jahr.  Kgl.  press,  geol.  Landesanst.,  25,  No.  2,  (1904). 
f  See  in  this  connection,  Monke  and  Beyschlag,  Ztsohr.  für.  prakt.  Geologie, 
1905, 13. 
**  Mitteilungen,  27,  1  (1909). 
tt  Sexfensiederzeitung,  1908, 1285,  1341,  etc. 
JJ  Naturwifls.  Rundschau,  1890,  82. 
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these  latter  being  constituents  of  adipocere.  Klinkler  and  Schwed- 
helm assume  that  such  salts  may  be  taken  as  intermediate 
products  in  the  formation  of  petroleum  by  the  Engler-Höfer  hy- 
pothesis. The  formation  of  the  lubricating  oil  portion  by  poly- 
merization of  the  more  volatile  portions  according  to  Engler's 
theory  they  consider  incorrect  since  in  their  own  experiments  with 
the  decomposition  of  calcium  salts  of  fatty  acids  a  sufficient  amount 
of  high  boiling  lubricating  oils  formed;  this  they  considered  a 
sufficient  explanation. 

The  question  as  to  what  causes  the  so  very  important  optical 
activity  of  the  petroleum  is  not  yet  settled.  Waiden  *  considers 
that  it  is  to  be  attributed  to  vegetable  origin,  because  the  vegetable 
materials  have  a  dextro-rotatory  power  as  does  petroleum,  while 
animal  materials  are  laevo-rotatory;  but  as  Engler  f  remarks,  it 
is  by  no  means  certain  that  the  majority  of  vegetable  fats  and 
oils  are  dextro-rotatory;  moreover,  the  dextrorotation  of  the 
petroleum  may  be  the  sum  of  a  laevo-  and  an  overwhelming 
dextro-rotation. 

Marcusson  J  attributes  the  optical  activity  of  petroleum  to  its 
containing  derivatives  of  Cholesterin  and  phytosterin  which  are 
normal  components  of  all  fats  and  of  the  animal  and  vegetable 
plasma;  he  supports  his  view  experimentally  by  preparing  artificial 
dextro-rotatory  mineral  lubricating  oil  from  oleins.  He  also 
showed  that  by  distillation  of  the  laevo-rotatory  Cholesterin  it  is 
possible  to  obtain  dextro-rotatory  derivatives.  The  fact  that 
petroleum,  as  Rakusin  §  has  shown  by  means  of  the  Tschugajeff 
reaction  and  Marcusson  has  shown  for  petroleum,  montan-wax 
and  ichthyol  by  the  Liebermann  reaction,  gives  the  tests  for 
Cholesterin,  is  no  proof  or  support  of  the  Cholesterin  theory,  for 
according  to  the  experiments  of  Charitschkoff  these  reactions  are 
also  given  by  synthetic  petroleum  made  from  cholesterin-free 
material. 

Petroleum  itself  is  dextro-rotatory;  several  laevo-rotatory  frac- 
tions were  changed  by  Engler  and  his  pupils  by  heating  to  340-350° 
into  dextro-bodies,  similar  to  the  change  brought  about  by  Mar- 
cusson with  the  laevo-cholesterin. 

*  Chem.  Ztg.,  28,  574  (1904). 
f  Chem.  Ztg.,  80,  711  (1906). 
t  Chem.  Rev.,  12,  1  (1905). 
§  Chem.  Ztg.,  28,  505,  574  (1904). 
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The  rotatory  power  of  petroleum  is  rarely  more  than  one  Sacch. 
degree  with  a  200  mm.  tube.  The  portions  boiling  under  200° 
are  generally  inactive;  the  higher  boiling  fractions  show  optical 
activity,  with  a  maximum  in  the  250-300°  fraction  at  12-15  mm. 
pressure,  the  activity  decreasing  with  the  still  higher  fractions. 
The  highest  value  obtained  by  Engler  was  +  25°. 

In  general  the  Russian,  Galician,  Rumanian  and  German  oils 
show  a  higher  optical  activity  than  the  North  American,  particu- 
larly the  Pennsylvania  oils.  Since  the  Cholesterin  distillates  show 
the  highest  dextrorotation  in  the  regions  in  which  petroleum  also 
shows  its  maximum,  this  may  be  considered  as  a  confirmation  of 
the  view  that  Cholesterin  derivatives  are  the  cause  of  the  activity. 

C.  Neuberg  believed  *  that  the  optical  activity  of  the  petroleum 
might  be  due  to  its  containing  decomposition  products  of  protein 
material.  The  amino-acids  resulting  from  the  protein  decompo- 
sition might  be  supposed  to  have  undergone  a  change  into  nitrogen- 
free  fatty  acids  (acetic  to  caproic  acids)  which  are  in  part  active. 
This  explanation  is,  however,  considered  improbable  by  Marcusson 
on  account  of  the  solubility  in  water  of  the  products  mentioned; 
these,  together  with  any  glycerine,  would  have  been  washed  away 
by  the  water  always  present.  Moreover,  because  of  the  low  molec- 
ular weight,  only  the  little  active,  low  boiling  portions  of  petro- 
leum (naphtha  and  kerosene)  could  have  been  formed  from  them. 
Neuberg  later  showed  that  the  de-amidized  decomposition  products 
of  egg  albumen  (caproic  acid,  valerianic  acid,  etc.)  when  distilled 
under  pressure,  or  with  addition  of  lime,  together  with  optically 
active  fat  (for  example,  tri-olein)  or  with  higher  fatty  acids,  gave 
dextro-rotatory  hydrocarbons  {old  =  +  0.5  to  +  1.7).  Accord- 
ing to  Marcusson  f  these  hydrocarbons  are  not  nearly  so  active 
as  the  corresponding  high  boiling  bodies  from  petroleum;  on  the 
other  hand,  by  distilling  under  pressure  the  unsaponifiable  portions 
(<xd  =  +  15°)  of  wool-fat  olein  (in  other  words  in  the  presence  of 
Cholesterin  derivatives)  an  optically  active  naphtha  (a/>=  +  5.15°), 
beginning  to  boil  at  80°,  36  per  cent  of  kerosene  fraction  (+  1.50 
rotation)  and  50  per  cent  lubricating  oil  were  obtained.  He 
assumes,  therefore,  that  the  lighter  portions  of  petroleum  are  formed 
by  a  secondary  change  in  the  lubricating  oil  fraction.  To  this 
conclusion  Engler,  who  had  assumed  that  the  lubricating  oils  were 

*  Chem.  Ztg.,  29,  1045  (1905). 
t  Chem.  Ztg.,  82,  30  (1908). 
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formed  by  a  polymerization  of  the  lighter  portions,  assented;  he 
likewise  considered  the  Cholesterin  derivatives  as  the  main  source 
of  the  optical  rotatory  power  of  the  petroleum,  while  in  this  con- 
nection he  attributed  to  the  protein  decomposition  products  a  very 
minor  part.  The  quantitative  results  would  seem  to  indicate  the 
Cholesterin  of  animal  fat  or  the  phytQsterin  of  vegetable  fat  as 
the  source  of  the  optically  active  substances. 

In  confirming  the  observation  of  Zaloziecki  and  Klarfeld  of  the 
slight  or  vanishing  optical  activity  of  pale  light  Galician  petroleum 
and  the  high  activity  of  the  dark  heavier  oils  from  the  same  source, 
Marcusson  points  out  that  the  former  are,  according  to  the  deter- 
minations of  Rakusin,  secondary  deposits,  and  probably,  in  the 
light  of  the  filtration  theory  of  Day,  resulted  from  the  dark  heavier 
oils,  the  dark,  heavier,  active  components  being  left  behind.  In 
all  oils  of  recent  origin,  namely  in  those  of  Surachany  (Caucasus), 
Montechino  (Italy),  Valleia  (Italy)  and  Bitkow  (Galicia)  from  42 
to  67  per  cent  of  optically  inactive  naphtha  (boiling  below  150°)  is 
present.  Although  the  portion  boiling  under  ordinary  pressure 
below  250°  was  also  shown  to  be  optically  inactive,  Marcusson  does 
not  consider  it  necessary  to  assume  with  Zaloziecki  and  Klarfeld 
that  terpenes  and  resins  are  the  source  of  the  optical  activity  in 
the  dark  Galician  oils.  Since  the  isomer  of  Cholesterin,  phyto- 
Sterin,  is  a  normal  component  of  the  plasma  of  plants,  it  may  be 
possible  to  reconcile  the  Cholesterin  theory  with  that  of  Witt  *  and 
of  Krämer  and  Spilker  regarding  the  formation  of  petroleum  from 
diatoms  and  algae. 

Physical  Examination 

IV.  Specific  Gravity  and  Coefficient  of  Expansion 

The  specific  gravity  of  crude  oil  varies  between  wide  limits, 
0.703  (Pennsylvania)  and  1.016  (Persia).  Several  values  may  be 
interesting:  0.955  for  Wietze,  0.882  for  Baku,  0.887  for  Ohio, 
0.870  for  East  Galicia,  California  up  to  1.01,  Texas  0.90-0.97, 
Canada  generally  0.80-0.90,  Pennsylvania  0.703-O.880. 

A  low  specific  gravity  indicates  high  content  of  naphtha  and 
illuminating  oil,  a  greater  density  means  higher  boiling  fractions 
and  asphalt.  Even  if  the  specific  gravity  is  of  little  value  in  deter- 
mining the  origin  of  an  oil,  it  can  be  used  for  classification  of  oils 

♦  Prometheus,  1804,  349,  365. 
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from  a  known  source  and  is  used  technically  as  a  test  for  identity 
and  for  comparison,  since  the  specific  gravity  determination  gives 
the  simplest  test  of  uniformity  in  the  source  of  oil  supply. 

The  coefficient  of  expansion  is  of  importance  in  recalculating 
the  specific  gravity  from  one  temperature  to  the  normal  of  15° 
or  20°,  as  well  as  in  considering  the  expansion  of  the  oil  in 
tanks  or  stills.  The  coefficient  of  expansion  for  Pennsylvania  oils  is 
0.000,840,  with  Russian  oils  0.000,817,  with  Wietze  oil  0.000,647; 
it  decreases  with  an  increase  in  specific  gravity.  The  change  of 
the  specific  gravity  for  1°  is  obtained  by  multiplication  of  the 
specific  gravity  by  the  coefficient  of  expansion. 

TABLE  2 


Source 

Specific  gravity 

a  X  1,000,000 

Canada 

0.828 
0.829 
0.861 
0.885 
0.901 

843 

Schwabweiler 

843 

Schwabweiler 

858 

West  Galicia 

775 

Walachei 

748 

TABLE  3 
Coefficient  of  Expansion  of  Rumanian  Oils 


Source 


Baicoi 

Campina 

Bustenari  (Telega) 

Moreni 

Tintea 


Specific  gravity 
at  15° 


0.8310 

0.8375 
0.8540 
0.8690 
0.9095 


0.000,864 
0.000,823 
0.000,834 
0.000,850 
0.000,735 


Change  of  specific 
gravity  for  1° 


0.000,7173 
0.000,6887 
0.000,7116 
0.000,7380 
0.000,6676 


For  the  determination  of  specific  gravity  and  of  coefficient  of 
expansion  see  pages  97  and  100. 

V.  Specific  Heat  Capacity 

It  is  necessary  to  know  the  specific  heat  capacity  *  of  the  con- 
tents in  calculating  the  heating  surfaces  in  tanks  in  which  oils  or 
distillates  are  to  be  warmed  to  separate  water;  it  is  necessary  to 
know  the  quantity  of  oil,  the  heat  capacity  of  it  and  the  heat  con- 

*  Graefe,  Petroleum,  2,  521  (1907). 
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ductivity  of  the  heating  surface.  In  the  manufacture  of  paraffin 
the  size  of  refrigerating  plant  is  determined  by  the  amount  of  the 
paraffin  oil,  its  heat  capacity  and  the  heat  of  solidification  (39 
calories  per  kilogram). 

Graef e  recommends  that  the  heat  capacity  be  determined  by  burning  in  a 
Hempel  bomb-calorimeter  definite  weights  of  known  standard  substances  using 
as  the  calorimeter  liquid,  the  oil  instead  of  water.*  Cellulose  [Schleicher  and 
Schüll  with  a  heat  of  combustion  of  4175  calories  (Langbein,  4185)  per  gram] 
may  be  used,  but  not  more  than  0.41-0.43  grams  should  be  taken  in  order  that 
the  temperature  rise  be  not  more  than  2.5°. 

Example.  An  oil  of  specific  gravity  0.810  and  boiling  point  132-195°  was 
taken.  Cellulose  used  0.4085  grams.  Temperature  rise  2.400°.  Heat  de- 
veloped (0.4085)  (4175)  =  1710  calories.  Of  this  the  calorimeter  absorbed  377 
calories  per  degree,  or  for  2.4°,  905  calories.  The  oil,  therefore,  absorbed 
1710  -  905  =  805  calories  for  2.4°,  or  for  each  degree  rise,  336  calories.    The 

amount  of  oil  used  was  810  grams.    To  warm  1  kilogram  requires  ^-^m  or  415 


0.810 


calories  for  each  degree.    The  specific  heat  capacity  is  thus  0.415. 


Thormoniotor 


"""Bcitlng  ooil 


KQ2 


Thread  ^PoreeUda 

Fig.  la. 


IA/WVN 

Heating  ooU 


Ampere  motor 


Fig.  lb. 


Graefe  determined  in  this  manner  the  following  specific  heat 
capacities:  Oils  from  brown-coal  tar,  solar  oil,  0.419,  gas  oil,  0.416, 
paraffin  oil,  (boiling  point  220-300°),  0.433;  benzol,  0.438;  Ger- 
man kerosene,  0.452;  heavy  paraffin  oil,  0.453;  crude  oil  from 
Wietze,  0.403;  American  naphtha,  0.487;  Galician  illuminating 
oil,  0.473;  Russian  illuminating  oil,  0.451 ;  American  illuminating 
oil,  0.455. 


♦  Langbein,  Zeit.  f.  angew.  Chem.,  13, 1227, 1259  (1900);  see  also  page  17. 
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The  specific  heat  capacity  may  also  be  determined  by  an  electric  resistance 
method.*  The  oil  is  placed  in  a  polished  tin-plated  calorimeter  which  in  turn 
rests  on  porcelain  in  a  similar  but  somewhat  larger  vessel.  To  heat  the  oil  a 
current  is  sent  through  a  spiral  nickelin  wire,  this  material  changing  in  re- 
sistance only  slightly  with  change  of  temperature.  The  oil  is  mechanically 
stirred;  the  general  scheme  of  the  apparatus  is  shown  in  Figs,  la  and  lb.  The 
specific  heat  capacity  can  then  be  calculated  from  the  amount  of  oil  (m),  the 
water  equivalent  of  the  calorimeter  (w),  the  time  of  heating  (z),  the  tempera- 
ture rise  (/),  the  strength  of  current  (t),  and  the  resistance  of  the  wire  (r) .  The 
heat  developed  in  one  second  is  (0.239)  (i)*(r)  calories,  this  being  the  heat  ab- 
sorbed by  the  oil.  The  specific  heat  capacity  can  then  be  calculated  from  the 
expression: 

(m  •  c  +  w)  t  =  (0.239)  (i)*  (r)  (z), 

SPECIFIC  HEAT  CAPACITIES 

Petroleum  ether  at  -190° 0.452 

Petroleum  ether  at  -100° 0.445 

Petroleum  ether  at       0° 0.419 

Kerosene,     21-58° 0.511 

Kerosene,     18-99° 0.498 

Crude  Oils: Specific  gravity 

Japan 0.862  0.453 

Pennsylvania 0.810  0.500 

Russia 0.908  0.435 

California 0.960  0.398 

Bustenari 0.842  0.462 

Campina,  0. 8  per  cent  paraffin 0. 869  0.467 

Campina,  3.2  per  cent  paraffin 0.854  0.467 

Paraffin  solid      -20°  to  3°   0.377 

Paraffin  solid      -19°  to  20° 0.525 

Paraffin  solid      25°  to  30° 0.589 

Paraffin  solid      35°  to  40° 0.622 

Paraffin  liquid    52. 4°  to  55° 0.700 

For  the  specific  heat  capacities  of  fatty  acids,  of  fats  and  waxes 
see  page  320i  The  Physikalisch  Technische  Reichsanstalt  de- 
termined the  heat  capacities  of  some  kerosene  to  be  0.49-0.55;  of 
spindle  oil,  0.46;  of  the  fractions  201-295°  from  heavy  crude  oil 
from  Wietze  (sp.  gr.  0.934),  0.48-0.49;  of  heavy  cylinder  oils  (sp.  gr. 
0.958-0.964),  0.48-0.50. 

The  specific  heat  capacity  of  an  oil  will  be  higher  the  richer  it  is 
in  hydrogen  and,  lower,  the  greater  the  amounts  of  carbon  and 

*  Kohlrausch,  Lehrbuch  der  praktischen  Physik.,  1910,  197. 
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oxygen  contained.  The  heat  capacity  can  be  calculated  (with 
results  agreeing  very  closely  with  experiment)  by  the  method  of 
Kopp  which  depends  on  the  assumption  that  the  molecular  heat 
capacity  is  the  sum  of  the  separate  atomic  heat  capacities.  It  is 
not  necessary  to  know  the  actual  size  of  the  molecule,  it  suffices  to 
divide  the  percents  of  carbon,  hydrogen  and  oxygen  by  the  respec- 
tive atomic  weights  of  the  elements  and  then  multiply  these  quo- 
tients by  the  respective  atomic  heat  capacities  (C  1.8;  H  2.3; 
0  4.0).  The  sum  of  these  quantities  must  be  divided  by  100  to 
obtain  the  calculated  specific  heat  capacity. 

VI.  Heat  of  Vaporization 

This  is  used  in  the  calculation  of  heating  surfaces,  size  of  con- 
densers and  quantity  of  cooling  water  for  the  stills,  provided  that, 
as  is  generally  the  case,  this  is  not  worked  out  on  empirical  lines. 
The  heat  of  vaporization  may  be  defined  as  the  amount  of  heat 
necessary  to  change  1  kilogram  of  liquid  at  the  boiling  point  into 
vapor  at  the  same  temperature.  In  calculations  it  is  necessary  to 
include  the  heat  required  to  raise  the  temperature  of  the  liquid 
from  room  temperature  to  the  boiling  point.  The  sum  of  these 
two  quantities  may  be  called  the  "total  heat  of  vaporization." 

For  a  determination  of  the  heat  of  vaporization  the  apparatus 
of  Syniewski  *  as  improved  by  the  Physikalisch-Tech.  Reichsan- 
stalt may  be  used.    See  Fig.  2. 

The  vapors  from  the  flask  A  pass  through  ab  into  the  double-walled  vessel  c 
and  then  under  the  bell-shaped  stopper  z  towards  the  calorimeter  through  a 
metallic  coil  e  which  is  submerged  in  the  water  of  the  calorimeter  together  with 
the  receiver  attached  to  the  coil.  The  tube  &  is  so  placed  in  the  wider  one  a 
that  it  is  surrounded  for  its  entire  length  by  the  hot  vapors,  thus  preventing 
premature  condensation.  The  end  of  the  tube  &  is  cut  off  at  an  angle  and 
touches  the  side  of  c  to  prevent  the  formation  of  drops  which  might  allow  con- 
densed vapor  to  be  carried  over  into  the  calorimeter.  Before  beginning  the 
calorimetric  determination,  the  condensing  apparatus  is  kept  closed  by  the 
stopper  2  until  au  parts  of  the  arrangement,  especially  the  vessel  c,  have  been 
preheated  to  constant  temperature  and  the  liquid  condensing  in  c,  is  flowing 
uniformly  through  the  tube  d.  If  the  heat  of  vaporization  of  a  higher  boiling 
fraction  is  to  be  determined,  the  lower  boiling  portions  are  allowed  to  pass  into 
the  condenser  until  the  thermometer  indicates  the  initial  temperature  of  the 
fraction  desired.  By  then  raising  the  stopper  z,  the  vapors  pass  into  the  calo- 
rimeter, where  their  heat  is  given  up  to  about  1200  grams  of  water.    In  order  to 

♦  Zeit.  f.  angew.  Chem.,  11,  621  (1898). 
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get  a  sufficient  amount  of  vapor  into  the  calorimeter  or  the  condenser,  a  slight 
amount  of  suction  must  be  applied;  for  this  purpose  a  water-jet  pump  is  at- 
tached to  either  the  condenser  or  the  calorimeter  by  means  of  a  three-way  stop- 
cock. A  pressure  regulator  /  consisting  simply  of  a  bottle  containing  water 
prevents,  in  case  of  irregular  working  of  the  pump,  too  great  differences  in 
pressure  and  allows  fixing  the  muOBMUn  difference  as  that  corresponding  to  the 
length  of  tube  immersed  in  the  water  (never  more  than  the  equivalent  of  a  few 
millimeters  of  mercury).  Before  starting  a  determination,  it  is  advisable  to 
close  the  cock  //  and  then  regulate  the  pump  so  that  a  slow  but  steady  stream 
of  air  bubbles  issues  from  the  tube  of  the  regulator;  the  stopper  z  is  then 
opened,  and  then  immediately,  the  cock  H . 

The  temperatures  of  the  water  and  of  the  vapor  are  determined  by  the  ther- 
mometers T  and  I.  Vapors  are  passed  into  the  calorimeter  from  A  until  the 
temperature  in  e  has  risen  about  20°.  The  evacuation  is  then  stopped,  the 
stopper  z  closed,  the  entire  distillation  apparatus  taken  from  the  calorimeter 
and  the  amount  of  distillate  determined  by  weighing  the  receiver.  At  the 
start  about  500  c.c.  of  oil  are  put  into  the  flask  A ;  the  distilled  fractions  after 
weighing  are  saved  for  the  determination  of  the  specific  heat  capacity. 


The  Phyäkalisch-Tech.  ReichBanstalt  found  the  total  heat  of 
vaporization  of  the  petroleum  products  mentioned  in  the  section 
on  heat  capacity  to  range  from  130  to  190  gram  calories.  The 
authorities  of  this  institution  call  attention  to  the  fact  that  during 
the  distillation  of  the  high  hoiling  fractions,  decompositions  and 
transformations  take  place  which  prevent  an  exact  determination 
of  the  heat  of  vaporisation. 

The  heat  of  vaporization  in  general  is  highest  in  the  lower  boil- 
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ing  fractions  of  any  series  of  hydrocarbons.  For  example,  in  the 
110-130°  fraction  of  Galician  petroleum,  it  is  63.5;  in  the  fraction 
170-190°,  it  is  only  60;  although  in  the  fraction  230-250°,  the 
value  rises  to  62.5,  this  may,  perhaps,  be  due  to  partial  decompo- 
sition of  the  distillate. 

The  heat  of  vaporization  may  be  calculated  *  from  the  molec- 
ular weight  and  the  average  boiling  point.  Trouton  has  shown 
that  for  pure  chemical  substances  the  heat  of  vaporization  (w) 
multiplied  by  the  molecular  weight  (M)  divided  by  the  absolute 
boiling  point  (T)  gives  a  value  nearly  constant  and  approximately 
20, 

MW  =  20. 

The  average  molecular  weight  of  an  oil  is  determined  by  solution 
in  a  weighed  amount  (s)  of  commercial  stearic  acid,  whose  freezing 
point  constant  (k)  has  been  determined  by  a  previous  experiment 
with  a  substance  of  known  molecular  weight;  a  definite  weight  of 
oil  (o)  is  taken  and  the  freezing  point  depression  (t)  is  determined. 


_  (o)  (100)  (*) . 

~     W(0 

The  following  values  were  thus  determined. 

TABLE  4 

Lignite  tar  oils 

Specific 
gravity 

Molecular 
weight 

Light  crude  oil '. 

0.883 
0.905 
0.890 
0.920 

113 

Heavy  crude  oil 

158 

Gas  oil 

158 

Light  paraffin  oil 

190 

Similar  results  t  were  obtained  by  means  of  the  vapor  density- 
method  of  Hoffmann. 

To  determine  the  mean  boiling  point,  the  oil  is  distilled  in  the 
continuous  apparatus  of  Engler  (see  page  27),  the  temperatures 
being  recorded  at  which  each  successive  10  per  cent  fraction  has 
passed.    The  arithmetical  mean  of  these  boiling  points  gives  the 


*  Petrol.,  6,  569  (1910). 

t  Charitschkoff,  Physikalische  Untersuchung  des  Erdoels. 
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mean  boiling  point.  For  example,  with  a  light  crude  oil  Graefe 
obtained: 

Distillate:  Boiling  begins  10  20  30  40  60  60  70  80  90  98  per  cent 
Temperature:      124°        173°    184D    192*    201°    210°    221°    234°    255°    285°    300° 

The  mean  boiling  point  is,  therefore,  216°  C.  or  489°  Absolute. 
By  the  use  of  Trouton's  rule 

(20)  (D  __  (20)  (489)  _ 
W  =  ~M 113 865- 

To  calculate  the  total  heat  of  vaporization,  the  heat  necessary  to 
raise  the  oil  from  room  temperature  (25°)  to  the  boiling  point 
(216°)  must  be  added.  This  is  (since  the  sp.  heat  capacity  is 
0.43),  0.43  (216  -  25)  =  82  calories.  The  total  heat  of  vapori- 
zation is,  therefore,  86.5  +  82  =  168.5  calories.  Since  as  much 
heat  is  required  to  warm  this  oil  to  the  boiling  point  as  is  required 
to  evaporate  it  (and  with  other  oils  the  ratio  is  even  less  satis- 
factory), the  desirability  of  preheating  the  oil  before  distilling  is 
evident. 

TABLE  5 
Heats  of  Vaporization 


Heavy  naphtha,  sp.  gravity  0.743 . 

Heptane1 

Hexane1 

Decane1 

Hexamethylene1 


Boiling  point, 
°C. 


91-95 

98 
68 
173 
80.9 


Temperature 
of  vaporisa- 
tion, °C. 


91-95 
98 
68 
159 
68-70 


Heat  of 
vaporisation 


79.6 
74.0 
79.4 
61.0 
87.0 


»  Landolt-Börnstein,  838-842. 


VII.  Calorific  Value 

Crude  oils  are  used  in  the  Diesel  motor  for  developing  power 
and  are  used  for  fuel  if  they  are  not  too  inflammable  and  not  too 
expensive  for  competition  with  coal.  For  such  uses  a  knowledge 
of  the  calorific  value  is  of  importance.  The  heating  value  may  be 
defined  as  the  number  of  calories  developed  by  burning  1  kilogram 
of  oil.  Various  kinds  of  apparatus  are  in  use  for  the  determination 
of  the  heating  value  (see  also  page  86).    The  Berthelot-Mahler 
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bomb  (improved  by  Kroeker)  is  described  here;  it  has  been  found 
very  satisfactory  for  both  scientific  and  industrial  use.* 

The  calorimeter  (Fig.  3)  consists  of  an  enamel  or  platinum  lined  bomb  (A), 
a  thermometer  graduated  to  0.01  degrees  (B),  a  stirrer  (C),  the  actual  calo- 
rimeter (D)  which  is  surrounded  by 
an  insulating  vessel  of  oak  or  a 
double-walled  vessel  of  copper  filled 
with  water  (£).  The  bomb  (Fig.  4) 
consists  of  a  nickel-steel  vessel  of 
about  300  c.c.  capacity,  fitted  with 
a  tightly-fitting  screw-on  top.  There 
is  an  opening  in  the  middle  of  the 
cover  carrying  the  gas  entry  and 
exit  tubes.  The  canal  (1 )  prolonged 
into  a  platinum  tube  (2)  leading 
nearly  to  the  bottom,  is  used  to  in- 
troduce the  oxygen;  the  canal  (3)  is 
used  to  carry  off  the  products  of  com- 


Flo.  3.  Fra.  4. 

bustion.  The  canals  can  be  closed  by  the  screws  4  and  5.  To  drive  out  the 
air  in  the  bomb  the  screw  (5)  is  turned  and  the  oxygen  entering  from  a  tank 
displaces  the  air.  Before  the  bomb  is  put  into  the  water  the  side  tubes  in 
the  cover  are  closed  by  the  screws  6  and  7.  The  insulated  platinum  wire  (8) 
leads  through  the  top  of  the  cover;  the  ignition  wire  is  wrapped  about  the 
bottom  of  this  and  reaches  into  the  platinum  cup  (9)  containing  the  oil  or 
*  Hinrichsen,  Das  Materialprufungswesen,  388. 
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material  under  examination,  touching  both  material  and  the  vessel.  10  and 
1 1  are  electric  binding  posts. 

An  iron  wire  5-6  cm.  long  and  0.1  mm.  diameter  is  used  for  ignition;  it  is 
weighed  exactly,  as  it  burns  to  oxide.  A  platinum  wire  may  be  used  (0.1  mm. 
diameter),  which  obviates  the  correction  applied  in  the  case  of  the  iron,  since 
the  platinum  melts  but  does  not  burn.  The  bomb  and  cover  must  be  abso- 
lutely dry.  1.0  to  1.5  grams  of  accurately  weighed  material  are  put  into  the 
platinum  cup,  the  wire  attached,  the  bomb  closed  and  filled  with  oxygen  under 
20  to  25  atmospheres  pressure.  The  bomb  is  placed  in  the  calorimeter  con- 
taining a  weighed  amount  (2000-2200  grams)  of  water  at  room  temperature; 
this  is  best  as  much  below  room  temperature  at  the  beginning  as  it  will  be 
above  room  temperature  at  the  end.  After  standing  a  few  minutes  the  stirrer 
is  started  and  the  temperature  read  at  fixed  intervals.  When  the  temperature 
has  become  constant  or  is  changing  uniformly  with  the  time  (preliminary 
period),  a  current  of  8-10  volts  is  sent  through  the  wire.  The  wire  ignites  the 
material  which  in  the  compressed  oxygen  burns  completely,  the  temperature 
rising  to  a  maximum  in  2-3  minutes  (period  of  combustion).  The  tempera- 
ture rise  is  carefully  noted,  and  after  attaining  the  maximum  (as  well  as  during 
the  rise)  the  temperature  is  recorded  at  stated  intervals  for  8-10  minutes 
(period  of  cooling). 

The  water  formed  during  the  combustion  in  being  cooled  to  room  tempera- 
ture gives  up  its  heat  to  the  calorimeter;  as  a  consequence,  the  heat  value 
calculated  from  the  temperature  rise  will  be  too  large.  A  quantitative  deter- 
mination of  the,amount  of  water  formed  must  be  made.  To  do  this,  the  canal 
(3)  is  attached  to  a  weighed  calcium  chloride  tube  and  after  cautiously  opening 
the  screw  (5)  a  stream  of  purified  dry  air  is  sent  through  the  canal  (2)  into  the 
bomb,  which  should  be  simultaneously  warmed  to  105°  in  an  air  or  oil  bath 
(Fig.  5). 

CORRECTIONS 

(a)  For  heat  absorbed  or  lost  by  radiation  or  conduction  from 
or  to  the  surroundings  certain  corrections  must  be  applied. 
The  Regnault-Pflaundler  formula  for  this  calculation  is  given: 

In  which 

V  =  mean  temperature  of  the  preliminary  period, 

va  =  drop  in  temperature  per  interval  in  the  preliminary 

period. 
H  =  period  of  combustion. 

N  =  mean  temperature  of  the  period  of  cooling. 

nA  =  drop  in  temperature  per  interval  in  the  period  of 
cooling. 
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m  =  number  of  temperature  observations  in  the  period  of 
combustion. 

H  =  sum  of  all  the  temperature  observations  in  the  period 
1  of  combustion  excepting  the  first  and  the  last. 

(6)  Water  equivalent  of  the  calorimeter.  Since  the  total  heat 
evolved  is  distributed  through  bomb,  stirrer,  calorimeter  and 
thermometer  besides  the  water,  it  is  necessary  to  determine  the 
water  equivalent  of  the  apparatus;  this  is  the  quantity  of  heat 
necessary  to  raise  the  temperature  of  the  apparatus  1  degree.  The 
easiest  way  to  determine  this  is  to  burn  a  definite  weight  of  a  known 
substance  under  exactly  the  same  conditions  as  in  the  experiment; 
from  the  rise  in  temperature  can  be  calculated  the  water  equivalent 
of  the  apparatus  as  shown  by  the  example.  The  normal  substance 
may  be  benzoic  acid  (6333  calories)  or  cane  sugar  (3957  calories). 
Example: 

Benzoic  acid 0.8200  gram 

Wife  for  ignition 0.0190 

Weight  of  water  in  the  calorimeter 2000 

Observed  rise  in  temperature  in  the  calorimeter 2.201° 

Temperature  correction  (it') 0.009° 

Corrected  temperature  rise 2. 210° 

Heat  developed  by  the  benzoic  acid    .  (6333)  (0 .  82)    =  5193 . 1  calories 
Heat  developed  by  the  iron  wire (1600)(0.019)  =      30.4 


Total  heat  developed 5223.5 

Heat  developed  for  1  degree  rise  in  temperature 2364.0 

Heat  absorbed  by  the  water  in  the  calorimeter 2000.0 

Water  equivalent  of  the  calorimeter 364.0 

(c)  For  the  heat  of  vaporization  of  the  water.  The  water 
formed  in  the  combustion  of  the  oil  in  practice  passes  off  with  the 
chimney  gases  as  a  vapor,  in  the  bomb  it  condenses  and  cools  to 
room  temperature,  thus  warming  the  calorimeter.  For  every 
per  cent  of  water  (determined  as  on  page  20),  the  correction  is 
600  calories. 

The  heating  value  is  determined  as  follows  with  all  corrections. 
The  observed  rise  in  temperature  plus  the  correction  («')  of  the 
Regnault-Pflaundler  method  gives  the  temperature  change;  this 
multiplied  by  the  sum  of  the  weight  of  the  water  plus  the  water 
equivalent  of  the  apparatus  gives  the  total  heat  evolved.  From 
this  must  be  subtracted  the  heat  developed  by  the  ignition  wire 
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(1600  calories  per  gram)  and  the  difference  is  divided  by  the  amount 
of  substance  taken.  From  this  there  is  to  be  subtracted  the  cor- 
rection for  water  condensed.  This  gives  the  heating  or  calorific 
value.  Two  determinations  should  not  vary  more  than  20-25 
calories. 

Chemical  Examination 

VIII.  Water  Determination 

Crude  oils  almost  always  contain  mechanically  admixed  water, 
which  settles  very  slowly,  especially  with  thick  oils,  since  the 
diameter  of  the  drops  is  often  very  small.  It  is  also  true  that 
water  is  very  slightly  soluble  in  oil.*  These  questions  are  of  con- 
siderable importance  in  the  case  of  transformer  oils,  since  their 
power  of  insulation  is  considerably  decreased  by  the  presence  of 
water.  Shaking  a  colorless  or  light-colored  oil  with  cupric  sulphate 
(anhydrous)  cannot  be  used  as  a  test  for  water,  this  not  being 
delicate  enough;  most  paraffin  oil  or  kerosene  gives  only  a  faint 
blue  or  no  color.  In  order  to  get  a  high  boiling  oil  free  from  water, 
it  is  advisable  to  heat  for  some  time  to  120°  and  then  distill  in 
vacuum  over  an  alloy  of  potassium  and  sodium  (3: 1);  this  last 
operation  is  not  feasible  for  transformer  oils  since  these  undergo 
transformation  at  ordinary  temperatures.  Groschuff  has  shown 
the  solubility  of  water  in  oil  to  be  as  follows  (grams  of  water  in  100 
grams  of  solution) : 


Bensol 

Kerosene 

Paraffin  oil 

20° 
50° 
94° 

0.061 
0.161 

0.006 
0.024 
0.097 

0.003 
0.013 
0.055 

Transformer  oil  dissolves  about  3-5  times  as  much  water  as  pure 

paraffin  oil  or  kerosene  and  only  about  $  as  much  as  benzol. 

•» 
Water  is  quantitatively  determined  as  follows:  1.  About  100  grams  of  oil 
(less  if  much  water  is  present)  are  distilled  from  an  oil  bath  with  toluol;  this 
toluol  should  have  been  previously  saturated  with  water.  Pumice  is  added 
to  avoid  bumping.  80-90  c.c.  are  caught  in  a  cylinder  constricted  to  a  narrow 
graduated  tube  at  the  bottom  (Hoffman-Marcusson).    After  washing"  the 

♦  Groschuff,  Ztschr.  f.  Electrochemie,  17,  348  (1911). 
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inside  of  the  condenser  with  toluol  and  loosening  any  water  drops  on  the  side 
of  the  cylinder  with  a  stirring  rod,  the  amount  of  water  can  be  directly  read  on 
the  graduations  (Fig.  6). 

2.  Industrially  it  has  been  found  satisfactory  *  to  separate  the  oil  in  a  cen- 
trifugal, using  with  the  thicker  oils  a  steam-heated  jacket.  R.  Albrecht  ad- 
vises the  use  of  a  centrifugal 
making  2000-3000  revolutions 
per  minute,  using  pear-shaped 
glass  vessels  constricted  to  a 
graduated  tube  at  the  bottom. 
50  c.c.  of  crude  oil  and  50  c.c.  of 
benzine  or  benzol  are  whirled  for 
two  minutes  and  the  per  cent  of 
water  and  of  dirt  read  directly 
from  the  scale.  It  must  be  re- 
membered that  both  water  and 
mechanically  admixed  impurities 
are  separated  and  that  for  other 
reasons  (as  for  example,  the  sep- 
aration of  paraffin)  the  separation 
is  not  sharp.  Fig.  6* 


mm 


IX.  Undissolved  Impurities  and  Salts 

(a)  Qualitative  Test  By  treating  the  oil  with  benzol,  in  which  both  the 
oils  and  asphalt-like  bodies  are  soluble,  mechanical  admixtures  may  be  de- 
tected. 

2  c.c.  of  a  well-mixed  sample  are  dissolved  in  benzol  and  allowed  to  stand 
several  hours;  by  carefully  inverting,  the  presence  of  a  precipitate  becomes 
evident. 

(b)  Quantitative  Determination.  5-10  grams  of  well-mixed  oil  are  dissolved 
in  100-200  c.c.  benzol  and  allowed  to  stand  over  night.  After  separating  any 
water,  it  is  run  through  a  filter  dried  to  constant  weight  at  105°.  The  filter  is 
washed  free  from  oil  with  benzol  and  then  freed  from  salts  by  washing  with 
water,  the  aqueous  filtrate  giving  on  evaporation,  the  quantity  of  salts.  By 
again  drying  the  filter  paper  to  constant  weight  at  105°,  the  amount  of  undis- 
solved impurities  can  be  determined.  Any  resinous  or  asphalt-like  bodies 
which  may  be  soluble  in  benzol,  are  not  determined  in  this  way  (see  page  34). 

X.  Determination  op  the  Amounts  op  the  Different 

Fractions  on  Distillation 

The  method  of  procedure  in  distilling  an  oil  depends  on  con- 
ditions; for  factory  analysis,  the  method  of  procedure  must  be 
similar  to  the  general  method  of  manufacturing  and  it  is  to  be 

♦  Wieiezynski,  Petrol.,  2,  285  (1906);  Rosenthal,  Chem.  Ztg.,  88,  1259 
(1909). 


24 


CHEMISTRY  OF  OILS 


varied  according  to  the  circumstances.  In  technical  and  com- 
mercial analysis  it  is  highly  desirable  that  methods  of  procedure 
and  the  apparatus  be  uniform  in  order  to  facilitate  comparisons  of 
samples. 

1.  For  the  Manufacturer.  The  arrangements  for  laboratory 
distillation  are  different  depending  on  the  needs  of  the  factory,  the 
source  of  raw  material  and  the  method  of  distillation  (steam  or 
cracking  process).  The  height  of  the  dephlegmators  has  a  de- 
cided effect  on  the  relative  yield  of  naphtha,  kerosene,  etc.  How 
little  a  laboratory  distillation  may  correspond  to  the  yield  in  a 
refinery  has  been  shown  by  Vieth  (Table  6). 

TABLE  6 


Crude  oil  from 

Distillates 

In  laboratory, 
percent 

In  refinery, 
percent 

• 

(Naphtha 

10.5 

63.5 

17.0 

9.0 

10-12 

J  Kerosene 

80 

Bradford,  Pa 

J  Paraffin  oil 

2 

vCoke  and  loss 

6-8 

( Naphtha 

15.0 
40-45 

10 

/  ICptospyip 

60 

w 

It  is  customary  to  distill  in  a  laboratory  experiment  about  0.5 
to  1.0  kilogram  of  oil  from  a  glass  or  metal  retort,  using  at  first  a 
water  condenser  and  later  an  air  condenser,  catching  fractions 
between  definite  limits  (up  to  150°  for  naphtha,  to  300°  illuminat- 
ing oil,  etc.),  measuring  or  weighing  these  and  determining  their 
properties.  Those  portions  boiling  over  300°  (lubricating  oils) 
are  distilled,  as  in  the  refinery,  with  superheated  steam  and,  at 
times,  as  for  example  with  heavy  German  oils,  also  under  a  pressure 
of  only  300-400  millimeters.  Some  oils  would  undergo  a  deep- 
seated  transformation  if  heated  directly,  with  the  formation  of  foul 
smelling  products  (see  page  90).  In  distilling  with  steam  there 
is  frequently  used  the  Engler  method  of  separation  by  air  cooling, 
which  separates  the  distillate  into  light  and  heavy  lubricating  oil 
fractions  through  the  difference  in  the  ease  of  condensation.  Such 
an  arrangement  for  distilling  on  a  laboratory  scale  with  either 
superheated  steam  or  with  partial  vacuum  is  shown  in  Fig.  7. 

The  crude  oil  is  warmed,  if  necessary,  on  a  water  bath  with  granular  calcium 
chloride  to  remove  water  and  is  then  filtered;  if  it  contains  considerable  naph- 
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tha,  it  is  better  to  work  at  room  temperature  to  avoid  volatilization  of  this 
component.  1-2  kilograms  of  dry  oil  are  distilled  with  the  column  attached 
to  the  still;  a  water  condenser  should  be  used  until  the  temperature  of  the 
vapors  reaches  280°.  The  column  is  filled  with  metallic  grids  resting  on  rings. 
The  fraction  up  to  150°  is  known  as  naphtha,  between  150  and  280°  as  kero- 
sene. The  column  b  and  the  condenser  c  are  then  detached  and  the  lower 
dome  with  the  separator  d  and  the  condenser  attached.  Steam  from  a  Landolt 
generator  or  from  any  available  source  is  passed  through  a  superheater  (a 
copper  coil  in  a  galvanized  iron  jacket)  until  on  escaping  from  g  only  a  slight 
mist  is  seen.  By  opening  the  cock  h  the  steam  is  carefully  passed  into  the  still, 
the  entry  tube  extending  nearly  to  the  bottom.  The  mixed  oil  vapors  and 
steam  pass  through  the  separator  d.  The  steam  should  be  superheated  from 
150°  to  250°  and  at  times  with  cylinder  oils  even  more.    The  heaviest  oils 


Sneti 
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condense  in  the  first  separator  tube,  lighter  oils  in  the  second,  etc.;  the  most 
volatile  are  condensed  by  the  cooler  c,  and,  thus  separated  from  the  more 
valuable  lubricating  oils,  are  caught  in  the  receiver  t.  In  distilling  with  both 
steam  and  diminished  pressure,  the  apparatus  of  Fig.  8  is  available. 

The  oil  vapors  are  rapidly  removed  from  the  decomposing  action  of  the  hot 
walls  of  the  still  by  a  rapid  current  of  steam;  the  entire  apparatus  is  covered 
with  asbestos  to  prevent  loss  of  heat  by  convection  and  radiation.  The 
receivers  are  changed  when  a  marked  change  in  the  consistence  becomes 
evident.  % 

In  place  of  the  apparatus  described,  for  most  laboratories  a  simpler  arrange- 
ment (Fig.  9)  with  a  copper  or  glass  distilling  flask,  vertical  copper  separators 
with  three  outlets,  corresponding  to  the  figures  of  Engler  *  will  be  sufficient 
when  working  without  a  vacuum. 

The  cork  stoppers  are  made  tight  by  a  paste  made  of  linseed  meal  and  water. 

*  Verhandlungen  des  Vereins  für  Gewerbefleiss,  1887,  683. 
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The  fractions  of  approximately  the  same  viscosity  and  the  same  specific 
gravity  are  collected  together  in  order  of  their  boiling  limits  as  naphtha,  illu- 
minating oil,  gas  oil,  spindle  oil,  machine  oil;  these  are  then  treated  with  1-8 


per  cent  of  cone,  sulphuric  acid  tt 
as  well  as  to  lighten  the  color. 


■o  bad-smelling  unsaturated  compounds 


In  washing  the  mineral  oils  refined  with 
sulphuric  acid,  emulsions  are  likely  to  form 
when  the  aqueous  solution  of  alkali  is  add' 
i  n™  n  ed  and  these  are  broken  up  only  with 

,  ^1    J'li^i*,  great  difficulty  in  tie  separatory  funnels 

L  LC^^"        '"*S\  JL  which  are  generally  used.    The  washings 

^         ^  must  be   made  hot   and  with  vigorous 

shaking,  in  order  that  the  oil  may  be  com- 
pletely separated  from   the  wash  liquid; 
"^yifif~3ftt^      b  ^^  "  ea8^y  done  in  the  apparatus  of  Fig. 

Y^^p^y  \         10'    II  consists  of  the  vessel  o,  which  is 

\  ioa     I  \        fitted  with  a  stop-cock  d  (the  second  d' 

!£[Yr*inKlKrn>tWtwiffiTF"™.!Z~™z     m&y  b*  UBe^  to  separate  the  small  amounts 
p       g  of  oil  passing  through  the  upper  cock  from 

the  remainder  of  the  wash  liquid),  an  alum- 
inum or  well-annealed  glass  coil  band  the  tubee  for  stirring  the  liquid  by  means 
of  a  stream  of  air.  In  order  to  also  refine  with  acid  in  this  apparatus,  another 
cock  is  to  be  attached  at  the  bottom  and  side.    The  vessel  can  be  covered,  but 


Fia.  9. 

even  when  open,  if  not  containing  too  much,  losses  are  not  to  be  expected. 
The  refined  oils  are  dried  as  in  practicejby  passing  a  stream  of  air  through  the 
strongly  heated  oil.  Arter  refining,  the  fractions  are  examined  for  external 
appearance,  viscosity,  flash  point,  solidification  point  and  paraffin  content. 

2.  For  Custom  House  or  Commercial  Analysis.  Since  the 
different  laboratory  distillation  methods  give  divergent  results 
even  with  the  same  crude  oil,  the  style  of  apparatus  is  definitely 
prescribed  for  custom  house  analyses  (in  Germany).  This  is  also 
used  for  the  distillation  of  crude  naphtha,  kerosene,  etc.     The 
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samples  of  oil  must  be  treated  with  calcium  chloride  and  filtered 
at  room  temperature;  this  separates  the  water  present  and  pre- 
vents bumping. 

(a)  Continuous  Distillation  (in  place  of  the  former  interrupted 
process)    is  advised,*  making  use  of  the 
Engler  apparatus,  as  modified  by  Ubbelohde 
and  Holde,  as  sketched  in  the  Figs.  1  la  to  lie. 

100  c.c.  of  oil  are  distilled  from  an  Engler  flask  of 
150  c.c.  capacity.  The  condenser  is  60  cm.  long.  The 
beginning  of  distillation  is  taken  as  the  temperature 
at  which  the  first  drop  falls  from  the  end  of  the  con- 
denser; the  end  of  distillation  is  the  temperature  at 
which  the  bottom  becomes  free  of  liquid  or  white  va- 
pors appear.  Two  drops  should  fall  per  second ;  a 
second's  pendulum  allows  the  regulation  of  the  speed 
of  distillation.  The  distillate  is  caught  in  6  tubes 
graduated  to  0.2  c.c,  these  being  held  in  a  rotating 
frame  and  kept  at  room  temperature  by  immersion 
in  a  water  bath.  If  the  individual  fractions  are  not 
to  be  caught,  it  suffices  to]  use  a  100  c.c.  cylinder, 
graduated  t«  0.5  c.c.  in  which  the  quantity  distilled  pjg   lß 

may  be  read  at  any  time. 

Corrections  are  to  be  made  for  protruding  thermometer  thread  as 
given  by  Wiebe  t  for  both  the  glass  Engler  flask  and  for  the 
German  official  metal  apparatus. 


Con«! t ion  Id  rlogroon  Centigrade 

point         * 

With  the  .law 

With  the  official 

Engler  flack 

mouil  apparatus 

60 

0.8 

0.2 

80 

1.6 

0.5 

100 

2.3 

0  9 

120 

3.1 

1.4 

140 

3.9 

1.9 

160 

4.9 

2.6 

ISO 

5.9 

3.4 

200 

7.2 

4.3 

220 

8.7 

5.4 

240 

10.3 

6.6 

260 

12  2 

8.0 

280 

14.1 

9.3 

300 

10.3 

10.6 

320 

18.8 

11.9 

1  by  "Der  Deutsche  Verband  für  die  Materialprüfungen 
der  Technik"  and  in  the  "  Beschlüsse  der  Internationalen  Kommission  sur  Ver- 
einheitlichung der  Untersuchung  von  Petroleumprodukten"  (Wien  1912). 
t  Petrol-,  7,  1304(1912). 
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The  fractions  collected  are  generally:  the  naphtha  up  to  150°,  the 
illuminating  oil  fraction  between  150°  and  300°  and  lubricating 
oils  over  300°  (see  page  260  for  the  distillation  of  tar  oils).  In 
refineries  using  Galician  or  Rumanian  crude  oils,  the  limits  for 
illuminating  oils  are  taken  150-275°  because  they  better  char- 
acterize the  fraction;  in  other  words,  the  origin  of  the  oil  must  be 
considered  in  interpreting  the  results  of  the  distillation. 

(6)  For  the  Official  German  Custom-house  Examination  the 
apparatus  of  Figs.  12  to  14  is  prescribed;  *  all  parts  of  the 
apparatus  have  fixed  dimensions,  and  except  for  the  flask  and 
burette,  are  made  of  metal. 

100  c.c.  of  oil  (crude  naphtha,  crude  petroleum,  etc.)  are 
distilled  from  the  flask  A  with  an  adjustable  burner  regu- 
lating the  temperature  in  such  a  way  that  it  rises  between 
120°  and  150°  at  the  rate  of  4  degrees  per  minute  and  £-10 
per  minute  between  150°  and  320°.  At  the  observed  tem- 
perature 320°  (the  zero  point  of  the  thermometer  is  level 
with  the  top  of  the  cork)  the  distillation  is  stopped.  The 
distillates  are  cooled  by  D  and  caught  in  the  burette  E.f 
The  apparatus  gives  concordant  results  which  are  consider- 
ably different  from  those  obtained  with  the  same  oils  by 
method  (a) .    A  movement  is  on  foot  to  get  the  permission  pIG    * « 

of  the  German  customs  officials  to  allow  the  use  of  the  glass 
apparatus  of  Engler-Ubbelohde-Holde. 

In  the  examination  of  lubricating  oils,  distillation  is  continued 
up  to  300°  only.  An  oil  is  classified  as  a  lubricating  oil  if  nothing 
passes  under  300°  (320°  measured  in  the  oil)  or  if,  with  the  oil 
having  a  specific  gravity  of  more  than  0.830,  less  than  70  per  cent 
by  volume  passes  below  300°,  otherwise  it  is  called  illuminating 
oil.  Crude  oil  of  the  properties  mentioned  must  pay  duty  (Ger- 
many) as  lubricating  oil  in  case  it  flashes  above  50°  (Abel)  and  has 
a  specific  gravity  above  0.885  at  15°,  or  if  less  than  40  volume  per 
cent  passes  between  150°  and  320°  when  fractionally  distilled,  or 
if  it  contains  more  than  8  per  cent  of  paraffin.  Naphtha,  ligroin, 
petroleum  ether  should  have  at  least  90  per  cent  of  material  boiling 
under  150°. 

Engler  recommends  that  with  lubricating  oils  the  distillation 
be  carried  to  an  end  in  order  to  determine  the  amount  of  coke 

*  See  Zentralblatt  für  das  Deutsche  Reich,  1898,  279;  Mitteilungen,  17, 36 
(1899). 

t  For  details  see  Anleitung  für  die  Zollabfertigung,  Berlin,  1906,  Theil  III, 
Abechn.  2,  Nr.  37. 
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formed;  this  varies,  under  like  conditions,  according  to  the  source 
of  the  oil  and  is  now  often  determined.  However,  the  determina- 
tion of  the  amount  of  asphaltic  and  pitch-like  materials  (page  34) 
gives  sharper  comparison  values.  Graefe  *  has  shown  the  close 
relation  between  the  amount  of  coke  formed  and  the  amount  of 
asphalt  contained;  distilled  in  the  same  way,  one  oil  with  5.6  per 
cent  of  alcohol-ether  insoluble  asphalt  gave  4.8  per  cent  of  coke, 
while  an  oil  with  11.9  per  cent  asphalt  gave  10  per  cent  of  coke. 


0 


100 


60 


Fig.  13. 


Fig.  14. 


The  results  obtained  by  the  methods  (a)  and  (6)  do  not  agree 
with  each  other,  because  the  neck  of  the  flask  acts  as  a  dephleg- 
matdr  and  the  glass  exerts  a  stronger  cooling  action  on  the  vapors 
than  the  better  conducting  metal.  This  is  evident  from  the  fact 
that  there  is  20-35°  difference  in  the  beginning  of  boiling  between 
the  glass  and  the  metal  apparatus,  also  the  quantities  obtained  at 
the  beginning  of  distillation  between  the  same  temperature  limits 
(as  read  in  the  vapor)  are  different  for  the  two  forms  of  apparatus, 
while  in  the  neighborhood  of  the  temperature  300°  the  differences 
disappear.    These  differences  with  the  two  methods  are,  of  course, 

*  Petrol.,  S,  1131  (1908). 
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due  to  the  fact  that  the  temperature  of  the  distilling  vapor  is  read 
in  each  case,  the  liquids  boiling  in  the  flasks  do  not  show  these 
differences  in  temperature.  Since  the  temperature  of  the  boiling 
liquid  is,  as  a  rule,  decidedly  higher  than  that  of  the  vapors,  at  the 
higher  temperatures  (over  250°),  decompositions  will  occur  in  the 
material  condensing  on  the  neck  and  flowing  back  into  the  liquid. 
(c)  Method  of  Bureau  of  Mines.  This  difficulty  is  overcome 
by  the  method  of  Allen  and  Jacobs.* 

The  250  c.c.  flask  a  (Fig.  15)  is  surrounded  by  a  metal  resistance  wire  for 
electrical  heating,  the  neck  being  also  wound  to  prevent  dephlegmation,  the 
wire  being  embedded  in  a  resistant  insula- 
ting material  which  has  the  general  shape 
of  the  flask.  The  60  cm.  long  Liebig  con- 
denser is  placed  vertically  to  prevent  the 
lingering  of  the  heavy  distillates  in  the 
condenser;  for  the  same  reason  the  con- 
denser water  is  slightly  preheated  if  the 
distillates  are  very  viscous.  The  rate  of 
distillation  is  1  drop  per  second.  200  c.c. 
of  crude  oil  are  distilled  in  25  degree  frac- 
tions from  25s  to  325",  the  temperature  is 
allowed  to  drop  to  125"  {to  prevent  froth- 
ing when  the  suction  is  applied),  the  Brühl 
receiver  attached  to  a  water-jet  pump  and 
distillation  carried  on  at  16-20  mm.  mer- 
cury pressure  up  to  325°;  if  the  oils  contain 
water,  the  distillation  is  carried  on  in  a 
stream  of  carbon  dioxide  (dry) . 

A  nichrome  resistance  wire  (0.60  Ni, 
0.18  Cr,  0.22  Fe)  having  a  resistance  of 
0.0046  ohms  per  meter  at  20°  is  used.    At    * 
the  beginning  a  small  current  is  used,  at  the 
end  with  220  volte  3.5  amperes  are  ap-  y       .  . 

plied.  The  difference  in  temperature  be- 
tween the  bottom  of  the  flask  and  the  side  tube  is  at  the  most  10"  and  decidedly 
less  than  in  the  case  of  methods  (a)  and  (6).  The  insulating  material  is  made 
up  of  100  parts  of  MgO  (powdered),  100  of  silica,  40  of  asbestos  and  10  of  dry 
sodium  silicate  which  is  rubbed  to  a  uniform  paste  with  a  saturated  solution 
of  magnesium  chloride. 

The  advantages  of  this  method  are :  (1)  the  cooling  of  the  vapors 
in  the  neck  is  avoided,  (2)  larger  amounts  of  oil  can  be  distilled 
(3)  a  truer  conception  of  the  actual  composition  of  the  oil  is  ob- 
tained than  would  be  the  case  if  the  glass  apparatus  were  used,  (4) 

*  TJ.  8.  Dept.  of  Interior,  Bureau  of  Mines,  Bulletin  19,  28  (1912). 
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the  upright  condenser  and  the  warming  of  the  condenser  water 
allow  a  quicker  separation  and  a  quicker  determination  of  the  boil- 
ing limits,  since  the  distillate  falls  sooner  into  the  receiver,  thus 
allowing  the  reading  to  be  taken  earlier.  It  has  the  disadvantage 
of  being  more  complicated  and  costly  and  the  operations  require 
a  longer  time.  But  in  view  of  the  experiments  of  Wiebe,  it  is  a 
question  if  the  undoubted  advantages  of  this  method  would  not 
warrant  its  being  accepted  for  custom  house  and  commercial 
analysis  after  being,  perhaps,  somewhat  simplified. 

XL  Inflammability 

The  flash  point  is  the  temperature  at  which  so  much  vapor 
escapes  from  an  open  vessel  that  the  mixture  thus  formed  with  the 
air  will  ignite  when  a  pilot  light  is  moved  over  the  surface  of  the 
oil;  in  the  Pensky  apparatus,  it  is  the  temperature  at  which  in  a 
closed  vessel,  so  much  vapor  has  mixed  with  the  air  of  the  con- 
tainer, that  an  inflammable  gas  mixture  is  formed. 

Crude  oil  flashes  generally  near  0°,  oils  rich  in  naphtha  (Java, 
American,  etc.)  much  lower,  those  free  from  naphtha  (heavy  Han- 
over) may  not  flash  below  70°  to  80°.  The  flash  point  is  deter- 
mined by  means  of  the  Abel  or  the  Pensky  apparatus  (pages  58 
and  133).*  The  Prussian  police  regulations  classify  inflammable 
mineral  oils  into  three  grades  according  to  their  fire  risk: 

Class  I     with  a  flash  point  under  21°  C. 
Class  II   with  a  flash  point  from  21°  to  65°  C. 
Class  m  with  a  flash  point  from  65°  to  140°  C. 

XII.  Optical  Properties 

The  optical  properties  can  only  be  determined  in  sufficiently 
light-colored  oils  or  oils  clarified  through  proper  filtration,  which 
operation,  however,  removes  some  of  the  components  of  the  oil. 
The  rotatory  power  and  refractive  index  could  be  determined,  but 
as  yet  no  industrial  significance  is  attached  to  the  test.  These 
tests  are  described  on  page  140.  The  connection  between  optical 
activity  and  the  formation  of  petroleum  has  already  been  consid- 
ered (page  6).  It  is  possible  that  such  determinations  may  at 
times  give  information  regarding  the  source  of  the  oil. 

*  See  in  this  connection,  Zentralblatt  für  das  Deutsche  Reich,  1898,  281, 
282. 
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XIII.  Proximate  Tests 

(a)  Asphaltic  Resins  (Pitch).  Varying  amounts  of  asphaltic 
resins  are  found  in  the  crude  oils  of  different  countries;  Russian 
and  Pennsylvania  oils  contain  little,  Alsatian,  Hanoverian  and 
Californian  oils  contain  considerable.  A  distinction  is  made  be- 
tween a  hard  asphalt  precipitated  by  benzol  and  a  softer  asphal- 
tic pitch  melting  below  100°  and  insoluble  in  ethyl  or  amyl  alcohol. 
Both  are  oxygen  or  sulphur  derivatives  of  hydrocarbons;  as  a 
rule,  the  lower  their  melting  point,  the  lower  will  be  their  sulphur 
and  oxygen  content  and  the  nearer  will  they  approach  the  compo- 
sition and  color  of  the  oxygen-containing  parts  of  crude  oil  (see 
page  145). 

According  to  Zaloziecki  as  well  as  Krämer  and  Böttcher  the 
natural  asphalts  are  obtained  from  the  terpene-like  bodies  in  the 
crude  oil  through  polymerization  and  oxidation.  From  the  work 
of  Zaloziecki  and  of  Engler  it  appears  that  polymerization  is  the 
main  factor  in  the  formation  of  asphalt  while  oxygen  acts  appar- 
ently as  a  catalyzer.  This  view  of  Engler  is  apparently  confirmed 
by  the  small  amount  of  oxygen  present  in  natural  asphalt.  The 
formation  of  dark  asphaltic  bodies,  insoluble  in  naphtha,  soluble 
in  benzol,  by  the  action  of  air  (or  air  under  90-100  atmospheres 
pressure)  on  heated  light-colored  oils  supports  the  view  of  the 
formation  of  asphalt  by  oxidation  of  petroleum.  The  amount  of 
asphalt  in  crude  oils  and  dark  lubricating  oils  can  increase  *  on 
storage  and  in  diffuse  sunlight  the  increase  of  asphalt  insoluble  in 
naphtha  is  greater  than  in  the  dark,  asphalt  itself  being  sensitive 
to  light.  Radiations  from  radium  or  ultraviolet  light  do  not 
seem  to  cause  any  change. 

The  asphaltic  bodies  precipitated  by  ether-alcohol  (3:4)  in 
amounts  up  to  15  per  cent  from  Wietze  crude  oil  contain  consider- 
able sulphur,  as  do  also  many  other  asphalts,  f  In  an  asphalt  ob- 
tained by  precipitation  with  naphtha  from  a  dark  railroad  oil 
(probably  of  German  origin)  was  found  two  per  cent  of  sulphur. 
The  function  of  sulphur  in  the  formation  of  asphalt  is  not  known. 

The  following  precipitation  methods  are  "used  in  the  determina- 
tion of  the  amount  of  asphalt  in  an  oil  and,  depending  on  the  nature 

*  Holde,  Mitteilungen,  27,  146  (1909);  Meyerheim,  Chem.  Ztg.,  34,  454 
(1910). 

t  Kayser,  Untersuchung  über  die  natürlichen  Asphalte,  Nürnberg,  1879. 
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of  the  solvent  and  the  precipitant,  different  asphaltic  bodies  are 
obtained,  consequently,  the  precipitated  bodies  do  not  represent 
absolute,  but  only  comparative  values.  If  the  precipitation  is  to 
be  made  with  naphtha,  only  the  lowest  boiling  fractions  should  be 
used,  for  the  solubility  of  asphalt  is  less  the  lower  the  boiling  point 
of  the  naphtha.  An  Alsatian  oil  with  40  volumes  of  naphtha 
(boiling  limits  60-80°)  gave  2.1  per  cent,  while  with  a  naphtha 
boiling  below  50°  the  amount  of  asphalt  precipitated  was  5.5  per 
cent;  with  a  naphtha  boiling  under  41°,  the  amount  of  asphalt  was 
5.7  per  cent.  For  comparative  results  the  same  naphtha  must  be 
used,  and  in  the  quantitative  determination  of  naphtha-insoluble 
asphalt  a  "normal  benzine"  is  recommended  (see  page  50). 

1.  Qualitative  Detection  of  Asphalt  1  c.c.  of  oil  is  shaken  with  40  c.c.  of 
"normal  benzine"  (naphtha)  in  a  test  tube  and  allowed  to  stand  over  night. 
In  dark  colored  oils  the  insoluble  material  separates  in  dark  flakes  which  on 
collection  on  a  filter  paper  resemble  asphalt;  these  flakes  are  dissolved  in 
benzol,  the  solvent  is  evaporated  and  a  material  not  melting  on  the  water 
bath  obtained. 

If  0.5  gram  of  oil  is  dissolved  in  13.7  c.c.  of  ethyl  ether  and  then  6.9  c.c.  of 
96  per  cent  alcohol  added,  a  harder  asphalt  insoluble  in  naphtha  precipitates 
together  with  softer  pitch-like  bodies,  forming  a  tough  mass  which  clings 
tenaciously  in  clumps  to  the  side  of  the  vessel.  It  is  soluble  in  benzol  and 
melts  on  the  water  bath. 

2.  Quantitative  Determination. 

(a)  Asphalt  Insoluble  in  Naphtha.  5  grams  of  oil  are  shaken  in  a  500  c.c. 
bottle  with  40  times  its  volume  (220  c.c.  assuming  the  sp.  gr.  to  be  0.9)  of  "nor- 
mal benzine."  If  the  oil  contains  only  little  asphalt,  as  much  as  20  grams  of  oil 
may  be  taken  with  the  corresponding  amount  of  naphtha.  After  standing  at 
least  24  hours  at  a  temperature  between  15°  and  20°  and  away  from  direct 
sunlight,  the  solution  is  decanted  through  two  filters  folded  together  (white 
ribbon,  S  &  S).  The  residue  is  washed  with  nahptha  till  the  filtrate  gives  no 
more  oily  residue.  To  prevent  the  asphalt  from  becoming  insoluble  on  stand- 
ing, it  is  at  once  dissolved  in  hot  benzol,  the  main  mass  evaporated  from  a  flask 
and  the  remainder  in  a  tared  vessel,  the  residue  dried  at  105°  and  weighed. 
Foreign  substances  precipitated  by  naphtha  and  insoluble  in  benzol  can  be 
separately  determined  by  using  a  weighed  filter  paper.  If  the  suspended 
asphalt  is  to  be  determined,  the  amount  of  asphalt  is  determined  in  the  original 
oil  as  well  as  in  the  filtered  oil;  the  difference  gives  the  suspended  asphalt.  In 
the  different  crude  oils  the  amount  of  asphalt  runs  parallel  to  the  amount  of 
coke  obtained  on  distillation.41 

(ß)  Asphalt  Insoluble  in  Alcohol-ether  (i :  a).  This  is  softer.  5  grams 
of  well-mixed  oil  in  a  300  c.c.  glass-stoppered  bottle  are  dissolved  in  25  volumes 
of  ethyl  ether  of  specific  gravity  0.72  (137.5  c.c,  sp.  gr.  of  oil  assumed  0.9)  at 

*  Engler,  Gewerbefleiss,  1887. 
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room  temperature.  With  constant  shaking  12.5  volumes  of  96  per  cent  alco- 
hol (68.5  c.c.)  are  added  slowly  from  a  burette.  After  a  final  shaking,  it  is 
allowed  to  stand  5  hours  at  15°,  then  filtered  rapidly  through  a  pleated  filter 
(white  ribbon,  S.  &  S.  589).  The  bottle  and  filter  are  then  washed  with  a  mix- 
ture of  (96  per  cent)  alcohol  and  ether  (1:2)  until*  about  20  c.c.  of  the  filtrate 
evaporated  give  only  traces  of  tarry  matter.  The  washed  asphaltic  pitch, 
which  still  contains  paraffin  and  soft  resins,  is  dissolved  from  the  sides  of  the 
bottle  and  from  the  filter  paper  by  means  of  hot  benzol  and  evaporated  in  a 
tared  glass  dish  containing  a  weighed  glass  stirring  rod.  According  to  a  sug- 
gestion of  Engler  and  Albrecht  *  the  residue  is  boiled  with  30  c.c.  portions  of 
absolute  alcohol,  rubbing  with  the  glass  rod,  until  the  extracts  on  cooling 
and  shaking  give  no  precipitate  of  paraffin;  it  is  then  dried  at  105°  and 
weighed. 

The  method  of  leaching  with  alcohol  is  used  when  the  residue  of  pitch  and 
paraffin  is  not  too  great  (a  few  tenths  of  a  per  cent)  or  has  only  a  light  brown 
but  not  black  color.  If,  however,  .a  considerable  amount  of  asphalt  has  been 
obtained,  the  method  is  uncertain,  since  it  is  difficult  to  tell  when  all  the  par- 
affin has  been  extracted.  For  this  reason  the  device  of  Holde  and  Meyerheim  t 
was  suggested.  The  extraction  apparatus  is  shown  in  Fig.  16;  it  avoids  the 
use  pf  cork.  At  the  bottom  of  the  condenser  are  two  glass  hooks  on  which 
the  extraction  thimble  is  hung  with  nickel  wire  or  with  twine. 
The  method  of  use  is  the  following.  The  mixture  of  pitch  and 
paraffin  is  precipitated  as  above,  washed,  dissolved  in  benzol, 
the  solvent  evaporated,  the  residue  weighed  after  drying  at 
105°.  The  residue  is  dissolved  or  suspended  in  10  c.c.  of  ether, 
2  grams  of  bone-black  previously  extracted  with  alcohol  are 
added  together  with  10-15  grams  of  rough  sand,  the  ether 
evaporated  carefully  on  a  water  bath,  the  entire  mass  put 
into  the  extraction  thimble,  the  latter  being  closed  at  the  top 
with  a  wad  of  cotton  to  better  distribute  the  solvent.  The 
last  traces  of  paraffin  and  asphalt  in  the  dish  are  removed  (to 
the  thimble)  by  solution  in  a  little  ether,  addition  of  sand  and 
bone-black  and  treatment  in  the  same  manner  as  in  the  case 
of  the  main  portion.  The  thimble  is  hung  on  the  condenser 
and  extracted  with  absolute  alcohol  until  by  a  final  extrac- 
tion of  one  hour  not  more  than  1.5  milligrams  are  obtained. 
The  collected  alcoholic  extracts  are  evaporated  and  the  resi- 
due weighed;  the  asphalt  is  the  difference  between  the  first 
(pitch  plus  paraffin)  and  the  second  (paraffin)  weighings.  In  case  it  is 
necessary  (as  with  lighter-colored  cylinder  oils)  to  determine  the  properties 
of  the  extracted  asphalt,  the  residue  in  the  glass  dish  is  used,  or  the  bone- 
black  and  sand  are  extracted  with  chloroform,  the  solvent  being  then  evapo- 
rated to  obtain  the  asphalt.  In  the  case  of  one  cylinder  oil,  a  3  per  cent 
precipitate  was  obtained  by  the  alcohol-ether  method,  which,  however,  did 
not  contain  any  asphalt,  but  only  light-colored  resins. 

*  Ztsch.  für.  angew.  Chem.,  14,  913  (1901). 
t  Chem.  Ztg.,  36,  369  (1911). 
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The  procedures  (a)  and  (0),  especially  the  first,  are  of  technical 
importance  and  accepted  in  the  industry;  method  (a)  is  used  in 
the  examination  of  cylinder  oils  and  railway  axle  oils,  method  (0) 
which,  however,  is  more  tedious  and  slower,  is  used  for  cylinder 
oils.  Since  in  recent  years  the  oils  used  by  the  Baden  State  Rail- 
ways and  by  large  industrial  plants  have  been  examined  for  soft 
pitch-like  bodies,  the  complaints  about  formation  of  carbonaceous 
and  similar  residues  in  the  cylinders,  etc.,  have  decidedly  de- 
creased. The  methods  described  under  6  to  c  have  not  yet  been 
sufficiently  tested  and  are  not  much  used. 

(7)  Asphalt  Insoluble  in  Amyl  Alcohol.  According  to  the 
D.R.P.  124,980  of  Dseschner,  amyl  alcohol  will  precipitate  asphalt 
from  residues  containing  it;  for  example,  18  per  cent  of  asphalt 
can  be  obtained  from  the  Wietze  oil,  though  this  is  decidedly 
softer  than  the  material  obtained  according  to  (a)  or  (#).  One  of 
the  difficulties  of  this  process,  is  the  relative  insolubility  of  cylinder 
oils  in  amyl  alcohol. 

(8)  Asphalt  Insoluble  in  Ethyl  Acetate  is  obtained  according 
to  Koettnetz  (D.R.P.  191,839)  by  treating  crude  oil  with  an  equal 
or  double  weight  of  ethyl  acetate;  it  is  precipitated  easily,  avoid- 
ing decomposition  during  the  purification  of  the  oils.  The  method 
has  not  yet  been  used  in  analysis. 

(e)  Asphalt,  Insoluble  in  Butanon.*  2-4  grams  of  oil  with  40-80  c.c.  of 
butanon  (methyl  ethyl  ketone)  saturated  with  water  are  warmed  in  a  200-300 
c.c.  Erlenmeyer  flask  provided  with  an  air  condenser;  the  oil  is  then  treated 
with  two  successive  portions  of  20-40  c.c.  of  butanon  (saturated).  The  ex- 
tracts are  each  time  filtered  hot  through  a  smooth  filter  (white  ribbon  S.  &  S. 
589),  taking  care  that  the  oil  at  the  bottom  does  not  pass  onto  the  filter.  It  is 
then  three  times  leached  with  a  mixture  of  butanon  and  water  (sp.  gr.  0.812 
at  20°),  the  extracts  are  poured  hot  through  the  first  filter,  taking  care  that 
in  the  last  extraction  all  oil  residues  are  washed  by  the  hot  butanon  from  the 
filter.  The  asphalt  in  the  flask  and  on  the  filter  is  dissolved  in  hot  benzol  or 
chloroform,  run  into  a  weighed  dish,  and  after  evaporation  of  the  solvent, 
dried  at  105°  and  weighed.  If  there  should  still  remain  some  traces  of  oil  in 
the  residue,  they  are  dissolved  by  treatment  with  10  c.c.  of  low  boiling  naphtha. 
In  this  way  hard  brittle  asphalt  is  obtained  from  all  dark  colored  products 
(axle  oils,  cylinder  oils,  etc.). 

*  F.  Schwartz,  Chem.  Ztg.,  85, 1417  (1911). 
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The  following  table  shows  the  difference  in  the  action  of  the 
reagents  on  two  oils  (Table  8). 


TABLE  8 

Per  cent  asphalt  precipitated  by 

Butanon 

Alcohol-ether 

"Normal 
beniine  " 

Green  black  cylinder  oil 

0.41 
0.74 

1.1 

2.0 

0 

Brown  black  cylinder  oil 

traces 

According  to  the  unpublished  results  of  Holde  and  Meyerheim 
hard  asphalts  are  obtained  by  the  use  of  ethyl  acetate,  and  as  a 
rule  larger  amounts  than  with  "  normal  benzine/'  but  less  than 
with  naphtha  boiling  below  50°. 

(b)  Paraffin.  The  following  method  *  is  used  by  the  German  custom  house 
authorities. 

100  grams  of  crude  oil  are  distilled  rapidly  from  a  tubulated  retort  till  the 
temperature  of  300°  is  reached.  A  weighed  receiver  is  then  put  into  position 
(without  a  condenser)  and  all  oil  driven  over  until  the  residue  cokes  completely 
(without  thermometer) ;  the  amount  of  heavy  oil  distilled  is  determined. 

The  heavy  oil  distillate  thus  obtained  is  analyzed  for  paraffin 
as  follows,  the  amount  of  paraffin  in  the  original  oil  being  calcu- 
lated from  the  amount  in  the  distillate. 

5-10  grams  of  the  substance  are  dissolved  at  room  temperature  in  a  mixture 
of  ether  and  absolute  alcohol  (1  :1)  to  a  clear  solution,  then  cooling  to  —  20°, 
just  enough  alcohol-ether  mixture  added  till  all  oily  drops  are  dissolved  and 
only  paraffin  flakes  are  visible.  With  much  paraffin,  it  is  advisable  to  warm 
with  ether  to  complete  solution  and  then  add  the  same  volume  of  alcohol. 
The  precipitated  paraffin  is  then  filtered  on  a  funnel  f  surrounded  with  a  rock- 
salt  and  ice  freezing  mixture  (Fig.  17),  all  traces  of  the  alcohol-ether  solution, 
being  removed,  anjrt  then  washed  free  from  oil  by  means  of  cooled  alcohol- 
ether.    The  residue  is  then  washed  into  a  weighed  glass  dish  with  hot  benzol 

*  This  depends  on  the  precipitability  of  paraffin  by  alcohol  in  ether  solution: 
Petrol.  4,  873  (1909);  Ding.  Poly.  Jour.,  262,  473  (1886);  Chem.  Ztg.,  17, 
1473  (1893);  Mitteilungen  14,  211  (1896).  The  final  form  is  due  to  Holde. 
For  other  methods  see  Ber.,  21,  2973  (1888);  Chem.  Ztg.,  17,  1473  (1893); 
Ding.  Poly.  Jour.,  267,  274  (1888);  these  are  only  applicable  to  particular 
materials  and  are  not  general. 

t  A  very  useful  arrangement  for  filtering  cold  has  been  constructed  for 
Eisenstein  and  Ziffer  (Chem.  Ztg.,  88,  1330  (1909)  by  the  Vereinigten  Fab- 
riken für  Laboratoriumsbedarf,  Berlin. 
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or  naphtha  and  the  solvent  evaporated  on  a  water  bath.  The  paraffin  is  care- 
fully washed  with  cooled  alcohol-ether  until  5  cc.  of  the  filtrate  on  evaporation 
will  give  no  residue,  or  only  a  trace  of  material  solid  at  room  temperatures,  is 
obtained;  too  prolonged  washing  is  to  be  avoided  because  of  the  still  quite 
noticeable  solubility  of  paraffin  in  alcohol-ether.  If  on  cooling,  the  paraffin  is 
seen  to  be  hard,  it  is  heated  at  105°  for  15  minutes  and  weighed  after  drying 
in  a  desiccator;  if  the  paraffin  is  soft  (with  melting  point  under  45s),  it  should 
be  dried  several  hours  in  a  vacuum  desiccator  at  50°  before  weighing. 

The  paraffin  is  at  times  brown  in  color  be- 
cause of  resins  precipitated  with  it.  It  is  then 
several  times  treated  with  boiling  alcohol  and 
decanted  hot,  the  resinous  bodies  remaining 
insoluble.  If  this  is  not  sufficient,  it  must  be 
purified  with  several  per  cent  of  sulphuric  acid 
or  filtered  through  fuller's  earth  or  bone-black 
while  dissolved  in  naphtha. 

In  the  analysis  of  solid  paraffin  masses 
Owt  0.5-1.0  gram  is  dissolved  in  10-20  cc.  of 

alcohol-ether  (see  also  page  201). 

A  correction  must  be  applied:  0.2  per  cent 
is  added  in  the  case  of  completely  liquid  dis- 
tillates, because  of  slight  solubility  in  alco- 
hol-ether; if  the  substance  solidifies  at  +15°, 
0.4  per  cent  is  added;  if  the  sample  is  solid, 
1  "per  cent  is  added.  This  method  deter- 
mines the  amount  of  paraffin  in  a  distillate 
available  for  candle  manufacture.  Softer 
paraffins  melting  under  50°  are  not  com- 
Fiü    17  pletely  precipitated,  being  quite  soluble  in 

alcohol-ether.  They  may,  however,  be  deter- 
mined by  evaporating  the  filtrate  and  dissolving  in  a  little  alcohol-ether  (2:1) 
and  precipitating  by  cooling  to  —  20°  or  a  still  lower  temperature.  In  the 
distillation  of  crude  oil  (which  is  necessary  as  above  described  only  in  the 
case  of  dark  oils)  a  small  amount  may  be  decomposed  (with  a  content  of  5 
per  cent,  this  may  be  as  much  as  0.5  per  cent)  and  will  not  be  found  in  the 
distillate.  This  error  is  the  more  noticeable  the  higher  the  content  of  paraf- 
fin in  the  crude  oil. 

(c)  Formolit  Reaction  (Nastjukoff  Test).*  When  formal- 
dehyde in  the  presence  of  cone,  sulphuric  acid  is  added  to  a  mineral 
oil  the  unsaturated  cyclic  hydrocarbons  are  precipitated;  in  this 
way  a  yellow  solid  is  obtained  for  which  the  name  "formolit "  has 
been  suggested.  The  formolit  number  is  the  number  of  grams  of 
-4ried  formolit  which  are  obtained  from  100  cc.  of  oil  under  definite 
conditions. 

*  Petrol.,  4,  1336,  1397  (1000). 
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The  different  classes  of  hydrocarbons  occurring  in  petroleum 
react  with  sulphuric  acid  and  formaldehyde  as  follows:  *  paraffin 
hydrocarbons  and  saturated  naphthenes  are  not  attacked.  Olefins 
give  a  red-brown  syrupy  liquid;  unsaturated  naphthenes  give  a 
red-brown  precipitate  easily  soluble  in  water;  aromatic  hydro- 
carbons give  a  bright  red  or  green  precipitate  insoluble  in  water. 

Nastjukoff  found  that  American  •ils  gave  a  higher  formolit 
value  than  did  Russian  tils.  The  amount  of  cyclic  unsaturated 
hydrocarbons  is  found  by  multiplication  of  the  formolit  number  by 
£.  Heer  advises  the  testing  of  crude  tils  directly  instead  of  after 
treatment  with  sulphuric  acid  as  was  proposed  by  Nastjukoff. 
The  following  values  were  thus  #btained.     (Table  9.)    These 

TABLE  9 


Crude  oil  from 

Formolit 
number 

Binacdv 

63.3 
28.3 
21.3 

Bibi-Eibat 

Balachanv 

values  correspond  to  the  chemical  behavior  of  the  three  oils,  since 
the  Balachany  oil  is  richest  in  naphthenes  which  do  not  give  the 
reaction.  The  formolit  value  ought  to  give  valuable  information 
regarding  crude  naphtha. 

Nastjukoff  has  found  the  formolit  values  of  various  American 
and  Russian  oils,  the  results  indicating  that  all  these  oils  consist 
mainly  of  unsaturated  cyclic  hydrocarbons;  American  cylinder 
oil  gave  the  value  92-97,  Russian  cylinder  oils  58-87,  vaseline  oils 
7.8  and  22. 


Heer  f  found  that  the  use  of  methylal  CH2 


/ 

\ 


OCH, 
QPHa 


instead  of 


formaldehyde  was  advantageous,  because  it  acts  both  as  a  solvent 
and  as  a  condensing  agent  and,  furthermore,  as  his  experiments 
with  artificial  mixtures  of  naphtha  and  small  amounts  of  benzol 
show,  it  is  a  better  reagent  for  the  detection  of  benzol  hydrocar- 

♦  Severin,  Petrol.,  6,  2245  (1911). 
t  Chem.  Ztg.,  34,  893  (1910). 
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bons  than  is  formaldehyde.    Marcusson  *  in  his  work  on  the  com- 
position of  mineral  oils  recommended  the  following  method: 

27  grams  of  oil  are  dissolved  in  50  c.c.  of  "normal  benzine"  in  a  300  o.e. 
Erlenmeyer  flask  and  30  c.c.  of  cone,  sulphuric  acid  added  without  shaking. 
To  the  mixture  cooled  with  ice  water,  15  c.c.  of  40  per  cent  formalin  are  added 
and  the  flask  shaken  in  the  cooling  mixture  until  no  more  heat  is  evolved.  The 
reaction  mixture  is  allowed  to  stand  for  half  an  hour  at  room  temperature  and 
then  transferred  to  a  liter  flask  containing  200  c.c.  of  ice  water,  rinsing  with 
water.  The  acid  is  then  neutralized  with  ammonium  hydroxide  in  excess  and 
the  resulting  precipitate 'caught  on  a  filter  (Buchner  funnel).  It  is  washed 
first  with  naphtha  to  remove  oil,  then  with  water  to  remove  NH4OH  and  then 
dried  at  105°  to  constant  weight.  From  the  naphtha  solution  (which  has  been 
separated  from  the  aqueous  in  a  separatory  funnel)  after  distilling  the  solvent, 
that  part  of  the  oil  not  reacting  with  formalin  and  sulphuric  acid  is  obtained. 

•  The  properties  of  the  unsaturated  cyclic  hydrocarbons  are  de- 
termined through  a  comparison  of  the  original  oil  with  that  portion 
obtained  on  evaporating  the  naphtha  solution.  Those  portions 
recovered  are  always  specifically  lighter  and  have  a  lower  refractive 
index  than  the  original.  Those  substances  giving  the  formolit 
reaction  must,  therefore,  have  a  higher  specific  gravity  and  a  higher 
refractive  index  than  the  original  oil.  Moreover,  the  viscosity  of 
the  recovered  oil  is  higher  than  the  original;  it  follows  that  the 
formolit  portion  dops  not  give  the  lubricating  power  to  an  oil. 

(d)  Sulphur.  1.  This  may  be  determined  by  the  method  of 
Engler  and  Heussler  (page  63),  the  crude  oil  being  burnt  in  the 
lamp  with  a  suitable  sulphur-free  solvent.  The  best  solvent  f  is  a 
mixture  of  5  parts  of  ether,  45  parts  abs.  alcohol,  20  parts  of  amyl 
acetate  and  20  parts  of  refined  illuminating  oil  (treated  with 
sodium)  to  which  5-10  per  cent  of  crude  oil  has  been  added  (the 
more  viscous  the  oil,  the  less  the  amount  added).  For  a  light  oil 
free  from  asphalt  desulphurized  illuminating  oil  is  enough. 

2.  The  method  of  Rothe  has  been  tested  in  the  Kgl.  Material- 
prüfungsamt with  oils  containing  no  naphtha  or  illuminating  oil 
with  satisfactory  results;  it  has  not  yet  been  tested  with  naphtha 
or  illuminating  oils. 

3-4  grams  of  oil  with  1.5  grams  of  MgO  and  30-40  c.c.  of  nitric  acid  (sp.  gr. 
1.48)  are  placed  in  a  250  c.c.  round  bottom  Jena  flask.  Hood.  After  the  first 
violent  reaction,  the  flask  is  heated  gently  for  1.5-2  hours  on  a  sand-bath,  the 
liquid  being  kept  boiling  gently.  The  excess  nitric  acid  is  then  evaporated 
over  a  free  flame  and  the  residue  heated  till  the  nitrates  begin  to  decompose. 

*  Chem.  Ztg.,  35,  729  (1911). 

t  Albrecht  and  Spanier,  Dissertations,  Karlsruhe,  1907  and  1910. 
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After  cooling,  10  c.c.  cone,  acid  are  again  added.  After  '15  minutes  heating» 
the  mass  is  evaporated  to  dryness,  keeping  the  flask  in  constant  motion,  then 
heated  with  a  triple  burner  until  the  nitrates -are  completely  decomposed. 
The  residue  is  generally  white;  by  adding  10  c.c.  of  hydrochloric  acid  (sp.  gr. 
1.124)  and  heating,  it  is  dissolved  and  then  filtered  after  diluting  with  20-30 
c.c.  of  water.  In  the  filtrate,  the  sulphuric  aoid  is  determined  by  precipitation 
with  barium  chloride  in  the  customary  manner. 

3.  This  is  applicable  in  all  cases  but  it  requires  expensive  ap- 
paratus; the  determination  is  made  in  a  Mahler  calorimeter  *  as 
follows: 

1-1.5  grams  of  oil  are  dropped  from  a  Lunge-Rey  pipette  into  the  platinum 
cup  of  a  bomb  calorimeter  (Fig.  4) ;  the  bomb  is  closed,  the  pipette  reweighed. 
The  bomb  is  filled  with  pure  oxygen,  at  10  atmospheres  with  naphtha  (15 
atmospheres  with  kerosene,  18  for  gas  oil,  20  for  lubricating,  the  same  for  crude 
oil,  25  atmospheres  for  asphalt,  coke  or  carbon).  After  electrical  ignition  (8 
volts,  2  amperes),  the  gases  are  led  into  a  solution  of  2  grams  sodium  carbonate 
in  25  c.c.  of  water.  After  thorough  rinsing  of  the  apparatus  with  distilled  water, 
the  solution  is  evaporated  on  a  water  bath  to  about  50  c.c,  aluminum  and  ferric 
hydroxides  (from  the  enamel  of  the  bomb,  and  from  the  ignition  wire)  precipi- 
tating. .  These  are  filtered  and  washed.  After  acidification  with  hydrochloric 
acid  and  evolution  of  carbon  dioxide,  the  sulphuric  acid  is  determined  by 
precipitation  with  barium  chloride.  Enough  oil  should  be  taken  to  give  at 
least  0.01  gram  of  barium  sulphate. 

XIV.  Physiological  Properties 

The  physiological  properties  t  of  crude  oil  and  similar  materials 
(lignite  tar,  shale  oil,  etc.),  since  they  are  mixtures  of  many 
components  or  groups  of  substances  such  as  naphtha,  kerosene, 
paraffin,  lubricating  oil,  are  the  average  result  of  the  action  of  the 
single  parts  of  the  mixture. 

Several  of  the  high  boiling  petroleum  products  are  used  with 
success  in  medicine  (dermatology),  notably  vaseline  and  "par- 
affinum  liquidum"  and  "naphthalan,"  as  the  basis  for  salves. 
The  ill  effects  of  other  products  have  been  demonstrated.  Prob- 
ably the  more  harmful  action  of  the  higher  boiling  fractions,  such 
as  crude  paraffin,  is  due  to  the  insufficient  treatment  of  the  crude 
materials  for  the  removal  of  oxygen  and  sulphur  derivatives;   on 

*  Lohman,  Chem.  Ztg.,  1911,  Nr.  35,  1119. 

t  Lehrbuch  der  Toxicologic,  Lewin,  1897,  II  Auflage,  202;  Th.  Weyl,  Die 
Krankheiten  der  Petroleum  Arbeiter,  Handbuch  der  Arbeiter-Krankheiten, 
1907,  210;  A.  Hoff  mann,  Die  Krankheiten  der  Arbeiter  in  Teer  und  Paraffin 
Fabriken.  Vierteljahrsschrift  für  gerichtliche  Sanitate-wesen,  III  F.,  5  Bd., 
Heft.  2  und  6;  W.  Ebstein-Göttingen  in  Engler-Höfer,  Bd.  1, 1918,  774. 
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the  other  hand,  the  highly  purified  "paraffinum  liquidum"  can 
be  used. 

Petroleum  workers  are  liable  to  two  kinds  of  sickness,  internal  or 
skin  disease.  Crude  oil  in  the  form  of  vapor  or  as  liquid  may 
cause  poisoning  of  the  skin.  Workmen  exposed. to  naphtha  fumes 
become  unconscious  and  are  liable  to  be  asphyxiated;  the  pupils 
become  small,  the  pulse  hardly  noticeable,  coughing  and  choking 
result  and,  as  a  secondary  action,  inflammation  of  the  lungs  occurs, 
and  if  the  naphtha  is  frequently  inhaled,  death  may  result.  Pure 
naphtha  vapors  cause  unconsciousness,  disturbance  of  breathing, 
vomiting,  etc.,  and  it  seems,  according  to  the  accounts  in  the  litera- 
ture, that  pentane  is  the  harmful  substance.  Introduced  in  the 
liquid  form  12  grams  of  naphtha  or  750  grams  of  kerosene  will 
cause  death.  High  boiling  oils  when  administered  cause  pains 
in  the  stomach,  vomiting,  etc.  According  to  H.  Wolff  *  naphtha 
vapors  are  poisonous  to  mice  and  benzol  vapors  cause  death.  The 
skin  is  more  irritated  by  benzol  derivatives  than  by  naphtha, 
the  former  causing  the  formation  of  blisters,  peeling  of  the  skin, 
and  in  some  cases  formation  of  pus. 

The  first  observation  of  skin  disease  caused  by  petroleum  prod- 
ucts was  made  by  Lewin  in  Pennsylvania.  At  the  pumps  the 
workmen  are  affected  with  acne  and  with  maturated  pimples, 
boils,  etc.  With  those  workmen  who  press  out  the  paraffin,  a 
"petroleum  itch"  may  result,  generally  on  the  back  of  the  hand. 
Paraffin  is  said  to  cause  carcinoma.  The  petroleum  itch  is  said 
to  be  due  to  the  improper  functioning  of  the  sweat  glands  of  the 
skin.  According  to  Hoffman  (supported  by  several  reports  from 
practice)  it  is  possible  that  lignite-tar  oils  irritate  the  skin  and  also 
cause  the  so-called  paraffin  itch.  Irritation  of  eyes  and  nose  can  be 
caused  by  insufficient  purification  of  brown-coal  tar  which  contains 
creosote-like  bodies.  With  laborers  employed  in  the  same  asphalt 
plant  after  a  time  an  acne-like  disease  developed. 

B.  Naphtha 

"Benzine  "  or  "naphtha  "  is  that  portion  of  crude  oil  distilling 
up  to  150°  as  a  maximum;  as  naphtha  are  sometimes  included  oils 
with  high  flash  point  (over  21°)  and  boiling  up  to  230°  which  can- 
not be  used  as  illuminating  oil  in  an  ordinary  Kosmos  burner  with 
the  ordinary  chimney,  but  are  used  as  turpentine  substitutes  and 

♦  Karbid,  u.  Azetylen,  1911,  273. 


PETROLEUM  AND  PETROLEUM  PRODUCTS      43 

as  solvents  in  varnish  making.  (See  page  417).  The  crude 
naphtha  generally  contains  portions  of  higher  boiling  fractions 
which  are  separated  on  redistillation  and  either  added  to  the  illu- 
minating oil  fraction  or  used  as  a  turpentine  substitute.  Accord- 
ing to  the  method  of  treatment  used  in  practice,  the  boiling  limits 
will  vary,  so  that  nothing  definite  can  be  said  on  this  point. 

Naphtha  of  specific  gravity  0.65-0.67  (petroleum  ether  and 
gasoline)  is  used  for  lighting  or  as  a  solvent,  recently  also  for  lubri- 
cation of  liquid  air  machines,  as  it  solidifies  under  —  160°.  Very 
light  naphtha  (gasoline)  is  used  in  making  gasoline-gas;  this  is  a 
mixture  of  air  and  gasoline  and  is  used  as  a  substitute  for  illumi- 
nating gas. 

The  German  Automobile  Club  specifies  for  pleasure  cars  a  gaso- 
line of  specific  gravity  0.685-0.700,  recommending  for  commercial 
cars  0.705-0.720.  Indian  naphtha  of  specific  gravity  0.760  has 
been  used  for  the  better  cars  which  are  fitted  with  carburettors 
for  heavy  oils,  but  in  general  the  heavy  oils  are  not  used  for  pas- 
senger cars,  because  they  cause  irregular  ignition,  fouling  and  cor- 
rosion. In  England  motor  buses  have  been  run  on  a  heavy  oil 
(0.740-0.760).  But  the  specific  gravity  cannot  alone  be  taken  as 
the  measure  of  the  value  of  the  motor  spirit.  Since  it  is  the  frac- 
tion boiling  over  150°  which  causes  the  fouling  of  the  cylinders, 
it  follows  that  gasolines  of  specific  gravity  under  0.720  and  over 
0.700  which  are  free  from  such  components  will  be  more  satis- 
factory than  an  oil  with  lower  gravity,  but  containing  considerable 
quantities  of  high  boiling  components. 

Motor  spirit  is  also  valued  more  if  it  has  only  a  faint  odor  and  if 
it  is  colorless;  the  peculiar  odor  of  incompletely  refined  naphtha 
can  be  covered  by  the  addition  of  turpentine  or  pine  oil,  treating 
simultaneously  with  alkali.  These  additions  can  be  detected  by 
the  methods  of  page  50. 

The  ordinary  commercial  naphthas  should  be  as  free  as  possible 
from  components  boiling  over  100°;  if  used  for  cleaning,  they 
should  have  little  of  the  unpleasant  odor,  since  this  is  difficult 
to  remove  from  the  fabrics.  For  the  extraction  of  oil  from  seeds 
and  meal,  a  product  boiling  near  100°  should  be  used,  so  that  the 
material  will  be  already  at  that  temperature  when  extraction  is 
begun;  otherwise  water  might  condense  and  cause  the  extracted 
mass  to  become  pasty.* 

*  Ubbelohde,  Handbuch,  Bd.  I,  606. 
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I.  Specific  Gravity 

This  is  determined  with  a  Westphal  balance  or  with  standardized 
hydrometers  at  15°  (see  lubricating  oils,  page  97).  In  the  deter- 
mination of  the  specific  gravity,  the  values  may  be  recalculated 
to  the  normal  temperature  (15°)  by  the  correction  table  due  to  D. 
Mendelejeff. 

TABLE  10 


For  a  specific  gravity  of 

Correction  for  one  degree  difference  in  temperature 

Russian  oils 

Pennsylvania  oils 

0.700-0.720 
0.720-0.740 
0.740-0.760    ' 
0. 760-0.780 
0.780-0.800 

0.00082 
0.00061 
0.00060 
0.00079 
0.00078 

0.00086 
0.00082 
0.00077 
0.00072 
0.00068 

II.  Volatility 

Extraction  benzine  or  motor  spirit  should  leave  no  residue  on 
evaporation  on  a  watch-glass.  On  filter  paper,  it  should  not  leave 
an  oily  residue;  this  would  indicate  high  boiling  fractions. 


4 


III.  Fractional  Distillation 

In  the  case  of  internal  combustion  motors,  the  petrol  is  evapo- 
rated in  a  special  chamber  before  entry  into  the  explosion  cylinder; 
the  gasoline  used  in  pleasure  vehicles  should,  therefore,  have  no 
more  than  5  per  cent  of  those  components  which  boil  above  100°, 
since  otherwise  the  engine  will  frequently  misfire.  For  this  reason 
the  distillation  test  is  very  important;  this  test  is  also  valuable  in 
judging  the  worth  of  a  solvent  naphtha.  The  recent  advances  in 
the  automobile  industry  have,  however,  helped  to  make  available 
higher  boiling  fractions. 

(a)  The  Ordinary  Commercial  Test.  100  c.c.  of  naphtha  are 
distilled  directly  from  the  Engler  flask  as  described  on  page  27 
and  ten  degree  fractions  caught  (see  also  page  51).  The  tempera- 
ture at  which  the  first  drop  falls  into  the  receiver  is  taken  as  the 
beginning  of  boiling  and  as  the  endpoint  is  taken  the  temperature 
at  which  the  bottom  of  the  flask  becomes  free  from  liquid.    If  the 
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barometric  height  is  not  normal,  the  difference  must  be  taken  into 
consideration.*  The  distillates  are  not  to  be  read  at  the  even  10° 
mark  but  at  a  figure  as  much  higher  or  lower  as  the  boiling  point 
of  water  is  higher  or  lower  than  100°  under  the  same  conditions; 
that  this  correction  is  adequate  for  industrial  purposes  has  been 
shown  by  Eissling.  The  corrections  are  to  be  considered  if  the 
barometric  pressure  varies  more  than  5°  from  the  normal. 

(6)  For  Custom-house  Examination.  The  examination  is  to 
be  made  as  described  on  page  29.  The  classification  of  materials 
is  described  on  the  same  page. 

IV.  Vapob  Pressure 

The  vapor  pressure  must  be  considered  in  storing  naphtha  and 
similar  inflammable  liquids.  To  determine  the  vapor  pressure  a 
Torricellian  vacuum  is  prepared  according  to  Kohlrausch  (Prak- 
tische Physik)  in  a  tube  of  1  meter  length  and  10  mm.  diameter. 
The  air  is  expelled  from  the  mercury  by  boiling,  the  tube  then  in- 
verted in  a  trough  of  mercury.  The  height  of  the  column  is  then 
read  from  a  scale  attached  or  by  means  of  a  cathetometer.  An 
excess  of  substance  is  then  introduced  by  means  of  a  curved 
pipette;  the  liquid,  on  rising  to  the  top  evaporates  quickly,  and  in 
some  cases  violently  (to  avoid  cracking  tube,  incline  it  while  in- 
troducing liquid).  An  excess  of  liquid  must  be  present  to  establish 
equilibrium.  The  column  of  mercury  is  depressed  and  the  height 
is  again  read;  the  difference  between  this  value  and  the  original 
gives  th'e  vapor  pressure  of  the  substance.  By  surrounding  the 
tube  with  a  jacket,  the  determination  may  be  made  at  the  tempera- 
ture of  steam  or  at  the  boiling  points  of  other  liquids.  (Fig.  18.) 
A  correction  must  be  made  for  the  pressure  exerted  downward  by 
the  small  layer  of  excess  liquid  on  the  surface  of  the  mercury.    If 

*  is  the  specific  gravity,  h  is  its  height,  then  \LJ  must  be  subtract- 
ed from  the  difference  in  height  of  the  two  columns  of  mercury. 
At  higher  temperatures  a  correction  must  be  made  for  the  vapor 
pressure  of  mercury,  f 

*  Ubbelohde,  Ztsch.,  für.  angew.  Chem.,  19,  1155  (1906);  Kissling,  82, 
695  (1908). 

t  See  Landolt-Bdrnatein,  Tabellen. 
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V.  Flash  Point 

This  is  sometimes  asked  for  to  estimate  its  inflammability  in 
the  motor.  Petroleum  naphtha  generally  flashes  below  0°;  the 
flash  point  being  taken  in  an  Abel  tester  (Fig.  19). 

The  naphtha  is  put  in  the  vessel  a  of  the  Abel  tester  (for  a  description  see 
page  58).  It  is  cooled  by  a  mixture  of  solid  carbon  dioxide  and  alcohol 
placed  around  it  in  the  tin  vessel  b  which  in  turn  is  surrounded  by  the  enameled 
lead  jar  which  also  contains  some  of  the  freezing  mixture  and  which  is  insulated 
with  felt.  The  temperature  will  drop  to  —  60°;  the  entire  apparatus  is 
wrapped  in  towels  or  packed  in  sawdust  to  prevent  warming.    The  ignition 


Fig.  18. 


Fig.  19. 


apparatus  is  put  into  the  cover  of  a  shortly  before  testing  to  prevent  freezing 
of  the  oil  in  the  wick  of  the  test  flame  and  to  prevent  its  extinguishment  during 
the  experiment.  The  mechanism  which  serves  to  dip  the  test  flame  into  the 
vessel  works  poorly  at  the  low  temperature  and  must  be  frequently  helped  by 
turning  the  winding-up  screw  at  the  top.  A  test  is  made  every  one-half  degree 
as  with  illuminating  oil;  to  do  this  the  vessel  is  taken  out  of  the  freezing  bath 
and  wrapped  in  a  towel,  in  this  way  avoiding  the  possibility  of  the  constantly 
escaping  carbon  dioxide  from  extinguishing  the  pilot.  The  testing  is  begun  at 
—  50°  to  —  60°.  A  correction  for  the  height  of  the  barometer  or  for  the  pro- 
truding stem  of  the  alcohol  thermometer  is  not  applied. 

To  determine  the  burning  point  the  cover  of  the  tester  is  re- 
moved, the  thermometer  fastened  to  a  stand  and,  at  every  half 
degree,  a  flame  from  an  ordinary  blowpipe  is  led  over  the  surface 
of  the  naphtha.  The  burning  point  is  the  temperature  at  which  a 
constant  burning  on  the  surface  of  the  naphtha  results. 
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The  flash  and  burning  points  of  several  naphthas  are  here  given:* 

70-88°     80-100°      80-115°      100-150° 


Boiling  limits  of    50-60°  60-78° 

the  sample 

Flash  point  under  -  58°  -  39° 

Burning  point  —  34° 


-45° 
-  42° 


-22* 


-  21° 

1    -  19° 


+  10° 
+  16° 


The  difference  between  the  flash  and  burning  points  of  naphtha 
is  not  large,  and  is  very  much  smaller  than  the  difference  of  these 
values  for  lubricating  oils.  For  comparison,  the  flash  point 
of  absolute  alcohol  is  +  12°  at  768  mm.,  for  94  per  cent  by  weight 
alcohol  +  18°,  70  per  cent  alcohol  22°,  50  per  cent  26.5°,  for  benzol 
it  is  -  8°  (700-713  mm.),  for  turpentine  between  30°  and  32°. 

VI.  Danger  of  Explosion 

The  difference  between  inflammable  and  explosive  should  be 
emphasized  in  this  connection.  In  internal  combustion  motors, 
the  attempt  is  made  to  get  an  explosive  mixture  of  naphtha  and 
air  which  on  extremely  rapid  combustion  (explosion)  develops 
power.  However,  only  certain  mixtures  of  inflammable  gases  with 
air  are  explosive.  If  an  excess  of  either  air  or  gas  is  present,  an 
explosion  will  not  take  place;  since  with  a  given  amount  of  gas 
reacting,  much  excess  material  is  to  be  heated,  the  temperature 
of  the  gas  mixture  will  not  increase  as  much  as  when  no  non- 
reacting  substances  are  present,  and,  consequently,  the  velocity  of 
reaction  will  not  increase  enough  to  cause  the  very  rapid  reaction 
known  as  an  explosion.  The  explosive  limits  of  certain  gas  mix- 
tures have  been  determined  by  Bunte,f  using  a  gas-burette  19 
mm.  in  diameter  in  which  the  gas  mixture  was  confined  over 
water  and  ignited  by  an  electric  spark.     (Fig.  20.) 

TABLE  11 


Kind  of  gas 


1.  Water  gas 

2.  Illuminating  gas 

3.  Benzol  vapor. . . 

4.  Pentane 

5.  Naphtha 


Per  cent  inflammable  gas  in  mixture 


No  explosion 


12.3 
7.8 
2.6 
2.3 
2.3 


Explosion 


No  explosion 


12.5-66.6 
8.0-19.0 
2.7-  6.3 
2.&-  4.8 
2.5-  4.8 


66.9 

19.2 

6.7 

5.0 

5.0 


*  Mitteilungen,  17,  70  (1899). 
t  Jour.  f.  Gasbel.,  44,  835  (1901). 
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To  insure  uniformity,  these  experiments  were  performed  under  the 
same  conditions,  since  the  explosive  limits  not  only  depend  on  the 
kind  of  gas  but  also  on  the  width  of  vessel  used,  the  method  of 
ignition,  the  pressure  and  the  temperature.  The  limits  for  naph- 
tha are  small;  since,  however,  traces  of  naphtha  are  enough  (dif- 
ference from  water  gas  and  illuminating  gas)  to  form  an  explosive 
mixture,  the  danger  is  correspondingly  greater.  Liquid 
alcohol  can  be  ignited  with  a  naked  flame  or  an  electric 
spark,  but  not  certainly  with  glowing  charcoal.  Alcohol 
vapor  explodes  with  air  when  5.2  per  cent  is  present  in 
air.* 

The  following  method  can  be  used  for  testing  the  ex- 
plosiveness  of  naphtha-air  mixtures:  A  definite  amount  of 
low-boiling  benzine,  the  volume  of  which  can  be  calcula- 
ted, is  evaporated  into  a  gasometer  over  water  which 
also  contains  a  definite  amount  of  air.  Some  of  this 
mixture  is  sucked  into  a  Hempel  explosion  pipette  pre- 
viously filled  with  mercury  and  exploded  by  an  electric 
spark. 

With  heating  appliances,  the  mixture  of  naphtha  and 
air  must  be  kept  above  the  upper  limit,  while  with  motors 
the  lower  limit  of  explosiveness  is  desired,  since  the  object 
is  to  get  as  much  power  as  possible  with  a  given  amount  of 
gas.  The  more  violent  explosions  obtained  with  richer 
gas  mixtures  are  not  so  completely  absorbed  by  the  mov- 
able parts  of  the  motor  as  the  slower,  more  deliberate 
Fig.  20.    expansions  of  the  gas  mixtures  low  in  naphtha. 


VII.  Calorific  Value 

This  is  of  importance  in  estimating  the  value  of  a  naphtha  for 
use  in  internal  combustion  motors.  It  is  determined  in  a  bomb 
(see  page  18).  The  heats  of  combustion  of  naphtha  and  of  burn- 
ing oils  are  given  in  the  table,  together  with  several  other  values 
for  comparison. 

*  Jahrbuch  der  Spiritus  Fabrikanten,  1907. 
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TABLE  12 


Fuel 


Naphtha 

Kerosene 

Benzol 

Motor  spirit .... 

Anthracite 

Bituminous  coal 
Air-dried  lignite 
Lignite-tar  oil . . 


Heat  of  combustion, 
calories  per  gram 


11,160-11,225 

11,000-11,100 

10,038 

5,940 

8,000 

7,000-  7,500 

4,500-  5,000 

10,407 


VIII.  Aromatic  Hydrocarbons 

(a)  Qualitative  Method  of  Holde.  Ab  much  asphalt  as  will  go  on  the  end 
of  a  pen-knife,  finely  powdered  and  free  from  inorganic  materials  is  put  on  a 
filter  paper  and  the  naphtha  under  examination  poured  over  it.  The  asphalt 
should  first  have  been  leached  free  from  all  soluble  matter  with  petroleum 
naphtha  of  specific  gravity  0.70-0.71.  If  the  filtrate  caught  in  a  test  tube  is 
free  from  color,  it  is  considered  that  considerable  quantities  of  added  benzol 
derivatives  are  absent;  if  the  filtrate  is  yellow  or  brown,  benzol  or  toluol  may 
be  assumed  to  be  present.  The  test  depends  on  the  solubility  of  asphalt  in 
benzol  and  will  detect  5-10  per  cent  of  benzol  in  naphtha. 

(6)  Quantitative  Determination.  This  depends  on  the  ab- 
sorption of  aromatic  hydrocarbons  and  olefins  (which  are  present 
in  naphtha  only  in  traces)  in  sulphuric  acid  (80  volumes  of  con- 
centrated, 20  volumes  of  fuming  acid).  This  method  *  requires 
further  study. 

25  c.c.  of  naphtha  and  25  c.c.  of  acid  are  shaken  vigorously  for  15  minutes  in 
a  75  c.c.  heavy- walled  flask  with  a  neck  50  cm.  long  and  graduated  to  0.1  c.c. 
After  30  minutes,  cone,  sulphuric  acid  (not  the  mixture)  is  added  till  the  oily 
layer  is  forced  into  the  neck;  the  volume  of  the  unat tacked  hydrocarbons  is 
read  after  an  hour's  standing  or  when  the  volume  no  longer  increases.  The 
difference  in  the  final  and  original  volume  allows  an  easy  calculation  of  the 
amount  absorbed.  The  method  is  inaccurate  when  more  than  13  per  cent  of 
aromatic  hydrocarbons  are  present. 

If  characteristic  derivatives  of  aromatic  hydrocarbons  are  de- 
sired, the  use  of  fuming  nitric  acid  is  recommended  (Burton)  (see 
page  420).  After  dilution  of  the  nitric  acid  solution  with  water, 
the  aromatic  nitro-bodies  may  be  extracted  with  ether. 

*  Kramer  and  Böttcher,  Gewerbefleiss,  1887. 
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IX.  Detection  of  Turpentine  and  of  Pine  Oil 

If  bromine  vapor  is  passed  into  a  test  tube  containing  pure 
naphtha  (or  also  containing  benzol  and  its  bomologues)  it  at  once 
colors  the  liquid  reddish  yellow,  provided  that  it  contains  no 
exceptionally  large  amount  of  unsaturated  hydrocarbons;  turpen- 
tine and  pine  oil,  because  of  their  content  of  unsaturated  terpenes, 
absorb  the  bromine  without  becoming  colored.  This  reaction  is 
used  in  detecting  these  substances  in  naphtha. 

Turpentine  and  pine  oil  may  also  be  shown  to  be  present  by 
adding  one  drop  of  Waller-Hübl's  iodine  solution  to  several  c.c.  of 
the  oil.  Pure  naphtha  is  colored  red  and  this  color  persists  un- 
diminished for  at  least  30  minutes,  while  with  turpentine  or  pine 
oil,  the  color  disappears  or  at  least  diminishes  in  intensity.  After 
shaking  5  minutes  in  the  latter  case,  the  color  disappears  entirely. 
(This  test  also  allows  the  easy  qualitative  detection  of  small 
amounts  of  unsaturated  fatty  acids,  such  as  oleic,  and  linoleic  acids, 
in  saturated  acids  like  palmitic  and  stearic,  etc.) .  The  quantitative 
determination  of  turpentine  and  pine  oil  is  described  on  page  418. 

These  tests  are  rarely  necessary,  because  naphtha  is  so  much 
cheaper;  the  reverse  case  is  taken  up  under  turpentine. 

X.  Degree  of  Purity 

Crude  benzine  or  naphtha  may  be  slightly  yellow;  refined  naph- 
tha boiling  under  150°  must  be  absolutely  colorless  in  a  10  cm. 
layer.  It  should  not  color  concentrated  sulphuric  acid  on  shaking; 
when  boiled  with  water,  it  should  not  give  up  to  it  any  acid  sub- 
stances or  impurities  of  any  sort.  The  refined  turpentine  substi- 
tutes are  also  colorless  in  a  10  cm.  layer ;  now  and  then  some  samples 
are  found  on  the  market  with  a  pale  yellow  color. 

XI.  Solubility  in  Alcohol 

The  naphtha  fractions  are  completely  soluble  in  abs.  alcohol, 
but  with  dilute  alcohol,  for  example  90  per  cent,  it  will  no  longer 
mix. 

XII.  Normal  Benzine 

The  Kgl.  Materialprüfungsamt  Berlin-Lichterfelde-West  has 
since  1903  undertaken  the  certification  of  a  "normal  benzine  "  (to 
be  obtained  from  C.  A.  F.  Kahlbaum,  Berlin)  to  be  used  princi- 
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pally  for  the  determination  of  asphalt  in  dark  mineral  oils.*  This 
must  meet  the  following  conditions:  specific  gravity  0.695-0.705 
at  15°;  boiling  limits  65-95°  (determined  by  distilling  100  c.c. 
naphtha  in  an  Engler  flask  with  a  40  cm.  LeB el- Henninger  column). 
(See  Fig.  21.)  The  naphtha  should  be  as  free  as  possible  from 
unsaturated  and  aromatic  hydrocarbons;  the  naphtha  is,  therefore, 
tested  with  the  mixture  of  concentrated  and  fuming  sulphuric 
acids  (see  page  49),  not  more  than  2  per  cent  of  hydrocarbons 
soluble  in  the  mixture  being  allowed.  The  naphtha 
is  also  tested  as  to  its  ability  to  precipitate  the  as- 
phalt in  a  crude  oil  from  Wietze  in  comparison  with 
the  residue  from  the  previous  lot  of  "normal  ben- 
zine." 

Specifications  fob  Automobile  Benzine  (Gasoline) 

The  material  must  have  been  obtained  by  frac- 
tional distillation  and  should  be  free  from  water  and 
all  substances  likely  to  injure  the  motors.  Filter 
paper  moistened  with  the  naphtha  should  not  show 
spots  or  give  a  persisting  odor.  Running  through  a 
sieve  should  not  separate  the  naplitha  into  fine 
drops.  It  should  be  of  uniform  composition,  not  a 
mixture  of  high-  and  low-boiling  products.  Light 
naphtha  should  distill  80  per  cent  under  100°,  all  un- 
der 130°;  heavy  naphtha,  50  per  cent  under  100°, 
ail  under  140°.  The  naphtha  must  be  carefully 
purified,  have  no  color  and  only  a  faint  odor. 
Naphtha  for  passenger  service  should  have  a  spe- 
cific gravity  of  0.70  to  0.72  at  15°,  for  commercial  trucks  0.720 

to  0.750. 

C.  Kerosene 

I.  General 

This  is  the  fraction  which  distills  between  150°  and  300°  and 
which  has  been  purified  by  treatment  with  sulphuric  acid.  The 
boiling  limits  are  not  to  be  taken  as  fixed,  for  generally  small 
amounts  of  components  boiling  under  150°  and  some  boiling  over 
300°  are  present.     Lamp  oils  are  also  prepared  which  boil  no 

*  Grundsätze  für  die  Prüfung  der  Mineralschmieroele,  aufgestellt  im  Jahre 
1905  vom  Deutschen  Verband  für  Materialprüfungen  der  Technik,  ergänzter 
Neudruck  1900. 
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higher  than  275°.  A  good  lamp  oil  should  have  a  flash  point  rea- 
sonably high  (for  Germany  21°)  and  should  burn  well  in  a  stand- 
ard burner  (in  Germany  generally  the  Kosmos  burner). 

II.  External  Appearance 

A  normal  kerosene  should  be  transparent  in  a  10  cm.  layer  or 
should  have  at  the  most  only  a  faintly  yellow  color;  the  expensive 
grades  (such  as  water-white,  Kaiser-oel)  are  as  clear  as  water. 
Exposed  to  sunlight  all  kerosenes  get  yellower  without  affecting 
their  combustibility.*  In  the  market,  it  is  sold  according  to  color. 
The  colorimeters  of  Wilson  and  of  Stammer  allow  the  determina- 
tion of  certain  normal  tints.  In  the  Stammer  apparatus,  the 
thickness  of  a  layer  of  oil  is  so  adjusted  until  it  has  the  same  color 
as  a  plate  of  uranium  glass  of  definite  thickness  and  color.  In  the 
Wilson-Ludolph  apparatus,  the  color  of  a  certain  layer  of  oil  is 
compared  with  different  glass  plates  of  different  tints.  The 
Stammer  apparatus  requires  the  following  length  of  column  of  oil 
for  the  usual  grades: 

Standard  White 50  mm. 

Prime  White 86.5 

Superfine  White 199.5 

Water  White 300-320 

As  long  as  only  American  kerosene  came  on  the  market,  the  color 
test  was  of  great  importance;  since,  however,  other  oils  from  other 
sources  are  on  the  market  and  these  are  satisfactory  in  spite  of 
their  yellow  color,  the  color  tests  have  lost  in  importance. 

(a)  Colorimeter  of  Stammer.  The  instrument  is  to  be  ob- 
tained from  Schmidt  and  Haensch,  Berlin,  in  the  form  used  at  Baku 
(Figs.  22  and  23). 

z  is  an  immovable  tube  which  has  a  colored  glass  plate  at  the  top.  c  is  a 
movable  cylinder  containing  the  sample  of  kerosene;  in  this  the  tube  t  dips 
more  or  less  according  to  the  height  of  the  cylinder.  The  light  passes  from  a 
mirror  p  through  z  and  c  through  two  prisms  to  the  eye-piece  o.  The  height 
of  the  column  of  petroleum  measured  on  the  scale  m  is  altered  until  the  color 
in  the  two  tubes  is  the  same.f  To  prevent  the  action  of  metal  on  the  kerosene, 
Engler  recommends  the  use  of  a  glass  cylinder. 

(6)  The  Colorimeter  of  Wilson.  This  can  be  obtained  from 
W.  Ludolph,  Bremerhaven.  This  has  the  widest  application  espe- 
cially in  England  and  Russia. 

♦  Mitteilungen,  21,  52  (1903). 
t  Ding.  Poly.  Jour.,  264,  287. 
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Two  brass  tubes  6  are  fastened  to  the  cover  of  a  wooden  cabinet  the  cover 
of  which  may  be  adjusted  to  any  angle.    The  glass  tubes  containing  the  kero- 
sene and  the  glass  plates  are  placed  inside  these  tubes.     (Figs.  24  and  25.) 
Both  tubes  can  be  closed  tightly  by  a  aap  screwing  on  over  a  glass  plate.    Re- 
flected light  is  sent  into  the  tubes  from  a  mirror  fixed  in  the  bottom  of  the  box 
as  in  the  colorimeter  of  Stammer.    Four  glasses  are  supplied  with  each  instru- 
ment, each  representing  one  of  the 
standard  shades  of  color,  the  lightest 
being  water    white,    the  darkest, 
standard  white. 

To  determine  the  color,  one  of  the 
tubes  is  filled  with  the  oil  and  intro- 
duced into  the  instrument  and  com- 
pared with  the  various  standard 
glasses.  As  a  matter  of  fact,  the 
color  is  rarely  exactly  that  of  one  of 
the  four.  But  the  grade  given  is 
always  the  poorer;  if  the  color  is 
between  water  white  and  superfine 
white,  it  is  taken  as  superfine  white, 
etc.  At  Baku,  however,  it  is  cus- 
tomary to  classify  in  fractions  of 
the  different  grades.* 

The  color  of  the  Baku  oil  is 
generally  between  grades  2 
and  3;  tte  fractions  are  deter- 
mined as  follows: 

If  to  get  the  same  color  in  the 
two  tubes,  glass  plate  No.  2  is  on 
the  tube  filled  with  oil  while  glass 
plate  No.  3  is  on  the  empty  tube, 
then  the  kerosene  is  of  grade  2.5. 
According  to  whether  it  is  darker 
or  lighter  than  plate  No.  3  it  is 
called  grade  2]  or  2\.  When  glass 
plate  No.  1  is  placed  on  the  filled 

tube  and  glass  plate  No.  3  on  the  p,„    w  Vln    „, 

empty,  the  grade  is  also  called  2J.  *'°   Ä 

For  the  grades  as  determined  in  the  Wilson  apparatus,  the  following  lengths  of 
oil  layer  in  the  Stammer  instrument  were  determined. 

Standard  White    Grade  4        60  nun. 

Standard  White    Grade  31      68 

Prime  White         Grade  3        86.5 
*  Quitka,  Arbeiten  der  K.  Russ.  Tech.  Gesellschaft,  1889-1891;   Kwjat- 
kowsky  and  Rakuein,  Praktische  Anleitung  but  Verarbeitung  der  Naphtha, 
Berlin,  1904. 
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Prime  White  Grade  2}  115  mm. 

Prime  White  Grade  2J  143 

Prime  White  Grade  2J  172 

Superfine  White  Grade  2  199 

Superfine  White  Grade  1*  255 

Water  White  Grade  1  310 

The  fractions  were  calculated,  the  even  numbers  determined  by  experiment. 

(c)  According  to  the  Official  Russian  Regulations,  the  color  of  a 
lamp  oil  is  no  criterion  of  its  ability  to  burn  in  the  ordinary  lamps 
without  smoking,  without  odor  and  without  a  lowering  of  the 
candle  power.    Accordingly,  the  determination  of  the  color  of 


Fig.  24. 


Fig.  25. 


lamp  oils  is  no  longer  obligatory.  Since,  however,  in  the  trade  the 
oil  is  graded  by  its  color,  in  order  to  avoid  arbitrariness  in  the 
determination  of  color,  on  demand,  an  official  determination  and 
certification  of  the  color  will  be  made.  As  is  stated  in  the  Official 
Russian  Regulations  the  glass  plates  of  the  different  instruments 
vary  in  intensity  and  density;  in  order  to  obtain  comparative 
results,  in  spite  of  these  differences,  the  colors  of  the  various  grades 
of  American  kerosene  were  given  in  terms  of  acidified  solutions  of 
potassium  Chromate  of  different  concentrations  by  the  Baku  Sec- 
tion of  the  Imperial  Russian  Technical  Society. 

III.  Specific  Gravity 

This  is  determined  by  standardized  hydrometers  if  enough 
material  is  available,  otherwise  by  pycknometer  (see  page  98) 
and  is  referred  to  water  at  4°  as  unity  and  reduced  to  a  vacuum 
standard.    To  reduce  the  observed  values  at  room  temperatures 
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to  the  normal,  the  following  corrections  (D.  Mendelejeff)  are  to  be 
applied  in  the  case  of  Russian  oils. 

TABLE  14 


Specific  gravity 

Correction  for  1° 

From  0.760-0.780 

0.000,790 

0.780-0.800 

0.000,780 

0.80O-0.810 

0.000,770 

0.810-0.820 

0.000,760 

0. 820-0.830 

0.000,750 

0.830-0.840 

0.000,740 

0.840-0.850 

0.000,720 

0.850-0.860 

0.000,710 

The  specific  gravity  of  kerosene  will  increase  on  long  standing  even 
in  closed  bottles,  as  Engler  has  shown  to  be  the  case  with  synthetic 
kerosene  from  fish  oil. 

IV.  Viscosity 

In  order  that  a  kerosene  may  burn  normally,  it  is  necessary  that 
the  wick  shall  supply  enough  oil  to  the  flame.  The  rise  of  the  oil  in 
the  capillaries  is  determined  by  the  surface  tension  that  the  oil 
exerts  in  the  capillaries.  The  viscosity  of  the  kerosene  opposes  the 
rise  by  increasing  the  resistance  in  the  capillaries.41  Stepanoff  gets 
the  following  relationship  between  the  amount  of  oil  Af ,  the  capil- 
lary constant  a  and  the  viscosity  Z 

m      z 

The  specific  gravity  of  the  oil  is  of  negligible  influence  on  the 
amount  of  oil  raised.  The  capillary  constants  of  the  different 
illuminating  oils  are  about  3  mg.  and  vary  so  little  that  they  may  be 
considered  practically  constant.  The  viscosity  as  determined  in 
the  kerosene  viscosimeter  (described  in  the  following)  varies  from 
1.11  to  1.80  (naphtha  has  a  viscosity  of  0.692)  and  should,  therefore, 
be  determined. 

The  Engler  viscosimeter  for  lubricating  oils  is. not  suited  for 
kerosene,  because  the  diameter  of  the  exit  being  so  great,  the  time 

*  Ubbelohde,  Petrol.,  4,  861  (1909);  Engler,  Lewin  and  Stepanoff,  Grund- 
lagen der  Lampentheorie,  1906. 
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of  outflow  is  very  short  and  the  differences  shown  by  the  oils  be- 
come too  small  to  be  of  practical  value.  The  following  apparatus  * 
constructed  by  Ubbelohde  at  the  suggestion  of  Engler  is  to  be  used 
for  naphtha,  kerosene  and  other  mobile  liquids,  but  not  in  the  place 
of  the  Engler  viscosimeter  for  lubricating  oils.  It  may  be  used, 
instead  of  the  Engler  apparatus,  in  the  testing  of  steam  cylinder  oils 
at  high  temperatures.  It  must,  however,  be  remembered  that  the 
viscosity  measured  on  the  Ubbelohde  apparatus  is  not  identical  with 
that  determined  in  the  Engler  apparatus;  the  Engler  degrees  are 
much  smaller  (see  page  112). 

The  instrument  (Fig.  26)  has  the  following  dimensions: 


Container  A 

Width  of  jet  a 

Length  of  jet  a 

Width  of  the  lower  end  of  jet  a 

Horizontal  distance  from  the  bottom  of  the  jet  a 
and  the  upper  end  of  the  overflow  pipe 


Allowable 
error 

± 

1.0 

0.01 

0.1 

0.5 

0.1 


p. 


100  c.c.  of  water  should  run  out  in  200  seconds  (error  4.0  seconds)  at  20 
this  instrument  is  standardized  by  the  same  Bureaus  that  standardize  the 
Engler  lubricating  oil  viscosimeter,  (see  page  105). 

Standardization  with  Water 

After  removing  any  oil,  the  apparatus  is  set  horizontal  by  means  of  the 
plummet  F,  the  jet  closed  with  the  plug  of  wood  b  and  then  filled  with  alcohol 
until  the  excess  begins  to  run  out  of  the  overflow  pipe.  The  liquid  must  not 
be  disturbed,  so  that  the  level  may  adjust  itself;  when  nothing  more  runs  out 
of  the  overflow,  the  plug  is  removed  and  the  contents  run  into  a  measuring 
cylinder  to  determine  the  volume  which  need  be  known  only  in  the  case  of  the 
standardization  with  water. 

After  filling  with  water,  this  is  allowed  to  run  out  into  a  beaker.  The  plug 
is  then  put  in;  the  drop  hanging  to  the  bottom  of  the  jet  is  not  removed.  The 
same  number  of  c.c.  of  water  are  put  in  as  there  were  c.c.  of  alcohol  run  out. 
An  excess  of  water  must  not  be  put  in  since  after  oil  has  been  in  the  instrument, 
water  rarely  wets  the  sides  sufficiently;  the  water  thus  tends  to  heap  up, 
making  the  column  of  liquid  too  high.  (Alcohol,  kerosene  and  oils  wet  the 
sides  so  well  that  they  will  run  out  of  the  overflow  tube  if  an  excess  is  used.) 
The  temperature  is  raised  to  20°  and  the  time  determined  which  is  necessary 
for  100  c.c.  of  water  to  run  out  into  a  measuring  flask.  The  experiment  is  to  be 
repeated;  the  results  should  agree  to  within  one  second. 

*  The  apparatus  may  be  obtained  from  Sommer  and  Runge,  Berlin,  Frie- 
denau,  Benningsenstrasse. 
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Determination  of  the  Viscosity  of  the  Kerosene 
The  apparatus  is  again  placed  in  a  horizontal  position  with  the  aid  of  the 
plummet  F.  The  outflow  tube  is  then  examined  by  looking  through  it  from 
the  top  with  a  sheet  of  white  paper  underneath;  any  visible  dirt  is  removed. 
Water  is  then  put  into  the  outer  vessel  B,  the  plug  put  in  place  and  an  excess 
of  kerosene  introduced  into  A.  The  excess  runs  out  of  the  overflow-pipe,  the 
proper  level  being  obtained  automatically.  By  cautious  raising  of  the  plug,  a 
drop  of  kerosene  is  allowed  to  pass  out  and  remains  clinging  to  the  bottom  of 
the  jet.  The  kerosene  and  water  are  then  heated 
to  20°.  The  time  in  seconds  necessary  for  100 
c.c.  of  the  oil  to  run  into  the  measuring  flask  is 
then  determined.  This  time  divided  by  the 
time  of  outflow  of  100  c.c.  of  water  gives  the 
viscosity.  For  example:  The  time  of  outflow 
of  the  kerosene  was  322  seconds;  for  water  it 
was  201  seconds.  The  viscosity  was,  therefore, 
1.6  degrees. 

These  degrees  correspond,  in  a  way, 
with  the  Engler  degrees,  but  it  must  be 
remembered  that  they  are  much  larger. 
Naphtha  with  a  specific  gravity  of  0.714 
shows  with  this  apparatus  a  viscosity 
of  0.692;  Nobel  kerosene,  1.517;  Ger- 
man kerosene,  1.324;  kerosene  a,  the 
value  1.109;  kerosene  6,  the  value  1.801.  If  the  viscosity  is  to  be 
determined  in  absolute  units,  the  use  of  the  apparatus  of  Traube- 
Ubbelohde  is  advised  (page  116). 

V.  Cold  Test 

Kerosene  which  is  exposed  to  cold  weather  in  the  open  should 
remain  liquid  at  low  temperatures  and  should  show  complete 
liquidity  in  the  wick;  it  should  remain  liquid  at  —  10°. 

The  apparatus  of  page  127  is  used  in  which  (after  a  preliminary 
experiment)  the  samples  are  kept  at  the  temperature  in  question, 
taking  care  to  prevent  disturbance  of  the  material  for  1  hour. 
Only  fresh  samples  (which  have  not  previously  been  cooled)  are 
to  be  used,  otherwise  the  results  are  uncertain.  In  more  careful 
work,  the  cold  test  of  the  residue  remaining  on  heating  the  kero- 
sene to  300°  must  be  made. 

If  the  kerosene  was  not  carefully  distilled  or  if  the  crude  oil  con- 
tained much  paraffin  (Pennsylvania  or  Boryslaw  oil)  it  will  show 
at  — 10°  a  separation  of  paraffin.  Russian  kerosene  is  still  clear 
at  —20°,  while  a  sample  of  Nobel  kerosene  was  still  liquid  at  —70° 


Fig.  26. 
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(it  might  be  a  good  lubricant  (or  low  temperatures).  American 
kerosene,  containing  paraffin,  probably  in  the  form  of  a  colloidal 
solution,  has,  when  examined  at  room  temperature  in  the  ultra- 
microscope,  an  entirely  different  appearance  from  Nobel  kerosene.* 

VI.  Flash  Point 
This  is  a  criterion  of  the  inflammability  of  the  kerosene.    The 

open  testers  were  formerly  much  used,  but  have  been  largely  given 
up,  because  of  tbe 
errors  involved;  tbe 
closed  form  is  now 
generally  used  (see 
page  138).  It  is  stat- 
ed, however,  that 
the  liability  of  a  kero- 
sene to  explode  in 
lamps  is  not  exactly 
determined  by  the 
Abel-Pensky  test,  but 
should  be  determined 
by  explosion  tests  in 
a  eudiometer  t  (see 
page  47). 

The  temperature 
at  which,  in  the 
ordinary  lamp  reser- 
voir, explosive  mix- 
tures form,  is,  accord- 
ing to  Engler.t  about 
8°  higher  than  the 
corresponding  tem- 
perature in  the  Abel 
tester.  He,  there- 
fore, held  23°  as  a 
minimum  for  the 
flash  point,  in  view 
of  the  fact  that  it  had 
Fl°'  w'  been  shown  by  the 

German  Bureau  of  Public  Health  and  Hygiene  that  the  tempera- 
•  Ztachr.  f.  Chem.  u.  Ind.  der  Kolloide,  2,  270  (1908) 
t  Chem.  Ztg.,  29,  741  (1905).         t  Chem.  Ind.,  IBM,  106. 
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TABLE  15 


ture  of  the  oil  in  the  reservoir  was  5°  higher  than  the  room  temper- 
ature (at  20°),  and  assuming  an  average  temperature  of  28°  the 
above  value  23°  was  suggested.  However,  the  legal  (German) 
flash  point  was  fixed  at  21°. 

(a)  The  Abel  Tester.  This  (Fig.  27)  consists  of  the  water  bath  W,  the 
kerosene  holder  (?,  and  the  cover  which  supports  the  thermometer  and  a  me- 
chanism for  running  the  ignition  apparatus.  The  water  bath  is  fitted  with  a 
funnel  C,  an  overflow  pipe  and  a  thermometer  t%.  The  copper  vessel  soldered 
into  the  middle  of  W  forms  a  cavity  into  which  the  vessel  (7,  after  it  has  been 
filled  to  the  mark  hi  with  the  oil  to  be  tested,  is  placed.  In  one  position  the 
holes  in  the  cover  and  the  slide  correspond,  in  another,  the  holes  are  covered. 
The  knob  b  is  wound  up  to  start  the  driving  mechanism  T;  if  the  lever  h  is 
pushed  down,  the  mechanism  turns  the  slide.  At  the  same  time  the  small 
lamp  a  fixed  on  a  horizontal  axis,  sinks  so  that  when  the  holes  of  the  cover  are 
entirely  open,  a  small  test  or  pilot  light  is  thrust  for  two  seconds  into  the  space 
filled  with  kerosene  vapors  and  air. 

(6)  The  Testing.  The  kerosene  which  has  been  put  into  the  vessel  G  is 
cooled  2°  below  the  temperature  necessary  to  start  (the  testing  is  started  at 
different  temperatures  according  to  the  barometric  height,  Table  15).  The 
cooling  can  be  done  directly  in  the  vessel  G  before  it  is  carefully  lowered  into 
the  water  bath  W.  The  kerosene 
should  not  wet  the  walls  of  the  vessel 
above  the  mark. 

The  pilot  light  flame  should  be  as 
large  as  the  white  bead  on  the  cover; 
a  cotton  wick  saturated  with  kero- 
sene is  used.  After  the  bath  has  been 
warmed  to  54-55°  and  the  alcohol 
lamp  is  extinguished,  the  pilot  light 
is  thrust  in  every  half  degree.  Be- 
fore the  actual  flash  point  is  reached, 
the  test  flame  will  be  seen  to  increase 
with  a  halo-like  effect  when  dipped 
towards  the  oil.  The  true  flash  point  is  the  temperature  at  which  a  lightning- 
like, large  blue  flame  spreads  over  the  entire  free  surface  of  the  oil  (even  if  the 
pilot  light  is  not  extinguished  by  the  flash). 

(c)  Repetition  of  the  Test  Before  repeating,  the  cover  must  cool  and  all 
traces  of  oil  must  be  removed  from  it,  from  the  vessel  and  the  openings  of  the 
slide  and  cover.  Before  introducing  the  vessel  into  the  water  bath,  the  water 
is  again  heated  to  55°.  If  the  second  determination  varies  from  the  first  by 
not  more  than  0.5°,  the  average  is  taken  as  the  apparent  flash  point,  the  tem- 
perature at  which  under  the  existing  conditions,  the  flash  will  occur.  If  the 
second  result  varies  more  than  1°,  the  determination  is  repeated;  if  the  three 
vary  no  more  than  1.5°  the  average  is  taken. 

(d)  Calculation  of  the  flash  point  at  760  mm.  The  values  are  taken  from 
the  table  (Table  16)  or  interpolated  in  case  the  values  are  not  given. 
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Example:  Barometric  height  742  mm.;  740  is  the  nearest. 

First  flash-point  determination  was 19 .0 

Second 20.5 

Third 19.5 

Average  value 19. 7 

In  the  column  for  740  mm.  the  nearest  value  is  19.8;  in  the  same  line  for  760 
mm.  the  value  would  be  20.5.  This  last  is  the  flash  point  of  the  kerosene 
referred  to  normal  atmospheric  pressure.  Since  it  is  under  21°  (the  minimum 
for  Germany),  it  is  acceptable. 

For  oils  flashing  above  50°  hotter  or  boiling  water  must  be  used  in  the  bath; 
for  oils  with  flash  points  between  60°  and  80°,  the  space  between  the  kerosene 
container  and  the  water  bath  is  filled  with  a  mineral  machine  oil.  The  water 
bath  is  then  heated  15°  above  the  flash  point  of  the  kerosene  as  determined  in 
a  preliminary  experiment.  In  Russia  official  regulations  require  that  all  oils 
from  the  Baku  region  flashing  under  85°  are  to  be  tested  by  the  Abel  appara- 
tus; for  higher  flashing  oils,  the  Pensky  tester  is  used. 

An  Abel  apparatus  (with  a  thermometer  reading  to  110°)  with  a 
copper  heating  bath  instead  of  the  customary  brass  one,  can  be 
used  for  the  determination  of  the  flash  point  up  to  100°;  accord- 
ing to  investigations  of  Wiebe  *  this  apparatus  gives  the  same 
values  as  the  Pensky  (see  page  133)  and  has  the  advantage  of 
giving  a  flash  point  which  is  independent  of  the  rate  of  rise  of  the 
temperature,  which  is  not  the  case  with  the  Pensky.  In  the  copper 
bath,  Wiebe  found  the  flash  point  0.4°  lower  than  the  value  found 
in  the  brass  heating  bath  of  the  ordinary  Abel  apparatus.  A  com- 
parison carried  out  in  the  Materialprüfungsamt  showed  the  flash 
point  in  the  Pensky  apparatus  to  be  0.4r-0.8°  lower  than  in  the 
ordinary  Abel  apparatus  in  which  the  rate  of  rise  of  the  former  up 
to  50°  was  1-2°  per  minute,  at  70°,  1-4°  per  minute.  The  Pensky 
apparatus,  therefore,  with  careful  heating  is  suited  for  the  testing 
of  mineral  oil  distillates  between  50°  and  100°. 

In  Germany  the  lower  flash  limit  is  21°  for  kerosene;  in  many 
cases,  as  the  specifications  show,  oils  of  higher  flash  point  are  called 
for.  Russian  kerosene,  such  as  Nobel  or  meteor  kerosene,  since  it 
comes  from  a  crude  oil  free  from  naphtha  and  rich  in  carbon  (naph- 
thenes),  always  has  a  higher  flash  point  than  the  common  American 
kerosene.  When  the  conditions  of  experiment  are  different  from 
those  of  the  Abel  tester,  the  lamp  oils  will  not  flash  at  the  same 
temperature  as  in  the  Abel  tester.  In  the  Abel  tester  the  condi- 
tions for  flashing  are  more  favorable  than  in  an  open  vessel,  as  is 
shown  by  the  higher  values  obtained  by  the  open  test. 

*  Petrol.  8,  16  (1912). 
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VII.  Burning  Point 

The  burning  point,  or  the  temperature  to  which  the  oil  must  be 
heated  in  order  that  the  oil  will  continue  to  burn  uninterruptedly 
when  a  small  flame  is  brought  near,  can  be  determined  in  the  open 
Abel  tester. 

A  thermometer  fastened  to  a  ring-stand  is  thrust  into  the  open 
kerosene  container  and  the  test  flame  applied  after  every  rise  of  1° 
for  2  seconds  without  touching  the  surface.  Or  after  the  flash 
point  has  been  determined  by  the  Abel  tester,  the  cover  is  taken  off, 
the  tests  being  then  made  with  a  regular  blowpipe  flame.  The  test- 
flame  must  not  be  allowed  to  remain  too  long  near  the  surface 
before  the  start  of  the  burning.  This  determination  is  of  very 
little  importance  in  the  case  of  kerosene  or  other  mineral  oils,  and 
has  only  to  be  considered  in  estimating  the  inflammability  of  an 
oil  with  especially  low  flash  point. 

VIII.  Fractional  Distillation 

This  is  carried  on  with  the  Engler-Ubbeiohde  glass  apparatus 
with  continuous  operation  (see  page  27).  The  following  resolu- 
tions were  passed  by  the  International  Commission  on  the  Analysis 
of  Petroleum  Products:  The  barometric  height  is  to  be  recorded 
and  the  correction  for  protruding  stem  is  to  be  considered  (ther- 
mometers of  like  dimensions  to  be  used).  (See  page  45).  The 
condenser  tube  must  be  perfectly  dry.  The  beginning  of  boiling 
is  the  temperature  at  which  the  first  drops  fall  from  the  side-tube 
of  the  Engler  flask.  The  limits  of  the  fractions  caught  are  to  be 
exactly  divisible  by  25.  Generally  the  volume  of  the  fractions  is 
determined,  the  portion  distilling  over  300°  and  remaining  in  the 
flask  is  weighed.  In  exact  analysis,  the  fractions  are  weighed,  as 
is  also  the  quantity  taken  for  examination. 

IX.  Purity 

(a)  Sulphur.  Since  Ohio  oil  with  its  high  content  of  sulphur 
has  been  refined  into  illuminating  oil,  the  analysis  of  kerosene  has 
included  also  the  determination  of  sulphur,  since  a  high  sulphur 
content  gives  rise  to  an  unpleasant  odor  on  burning.  Graefe  * 
has  shown  that  sulphur,  in  so  far  as  it  is  not  present  as  a  derivative 
of  sulphuric  acid,  does  not  affect  the  illuminating  power  of  the  oil. 

*  Petrol.  1,  606  (1905). 
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Esters  of  sulphuric  acid,  however,  on  burning  cause  a  carbonization 
of  the  wick  and,  therefore,  decrease  the  candle  power. 

The  methods  of  Carius  and  of  Graefe  for  the  determination  of 
sulphur  (see  page  224)  are  not  suited  for  kerosene,  since  even  a 
poor  quality  of  oil  contains  not  more  than  a  few  tenths  of  a  per 
cent  and  the  methods  do  not  allow  the  use  of  large  amounts  of 
material.  The  determination  might  be  made  in  a  bomb  (see  page 
41). 

Very  useful  is  the  method  worked  out  at  the  suggestion  of  Allen 
by  Heussler  and  Engler;*  this  can  also  be  used  for  the  determi- 
nation of  sulphur  in  illuminating  gas. 

The  method  depends  on  the  burning  of  the  kerosene  in  a  small 
lamp  (Fig.  28)  and  suction  of  the  products  of  combustion  into 
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Fro.  28. 


the  absorption  vessel  containing  potassium  hypobromite  solution 
(made  from  bromine  and  a  5  per  cent  solution  of  potassium  car- 
bonate or  hydroxide  and  decolorized  by  aeration).  The  sulphuric 
acid  thus  formed  is  precipitated  as  barium  sulphate  and  weighed 
in  the  customary  manner. 

The  absorption  liquid  is  easily  obtained  free  from  sulphur.  It  oxidizes  the 
sulphur  dioxide  of  the  products  of  combustion.  20  c.c.  are  necessary  to  fill 
the  apparatus.  The  small  lamp  A  is  fitted  with  a  wick  and  a  wick  bolder.  The 
chimney  is  continued  in  the  fused-on  glass  tube  b  which  reaches  to  the  bottom 
of  the  absorption  vessel  C  which  is  filled  with  glass  beads  and  the  absorption 
*  Cbem.  Ztg.,  20,  197  (1896). 
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liquid.  In  the  neck  of  C  is  the  tube  c  which  is  connected  with  the  water-jet 
suction  pump.  A  cork  at  the  top  makes  the  apparatus  air-tight.  The  chim- 
ney B  is  fastened  to  the  neck  of  A  by  means  of  corks.  The  metal  ring  is  so 
fastened  in  the  cork  that  the  air  entering  the  two  tubes  distributes  itself  through 
the  entire  circular  space  and  uniformly  to  the  flame  through  the  wire  gauze 
on  top.  The  small  vessel  for  the  kerosene  contains  about  100  c.c.  of  oil  and  is 
purposely  made  broad  so  that  there  will  not  develop  too  great  a  difference  in 
level  during  the  burning;  this  helps  to  keep  the  burning  uniform.  The  dis- 
tance from  flame  to  bottom  is  9  cm.  After  igniting  the  filled  and  weighed 
lamp,  the  air  is  sucked  through  so  that  the  flame  burns  without  smoking. 

Since  the  laboratory  air  often  contains  sulphur,  the  two  tubes  d  are  con- 
nected by  a  T-tube  with  a  tube  leading  to  the  open  air,  thus  insuring  a  clean 
supply.  In  five  hours,  during  which  it  requires  no  attention,  about  10-12 
grams  of  oil  will  burn;  this  is  enough.  The  weight  is  again  taken.  The  stop- 
cock is  then  opened  and  the  liquid  run  out;  to  rinse,  20  c.c.  of  water  are  added, 
air  is  sucked  through  and  the  water  again  run  off.  This  is  repeated  several 
times.  In  this  way  about  100  c.c.  of  liquid  are  obtained  containing  only  1  gram 
of  potassium  salt.  In  this  the  sulphur  is  determined  by  weighing  as  barium 
sulphate. 

After  washing,  the  apparatus  is  again  ready  for  use  and  can  at  once  be  re- 
filled with  absorption  liquid.  It  is  not  necessary  to  remove  the  chimney-tube 
Bb  from  the  vessel  C. 

A  good  kerosene  should  not  contain  more  than  0.03  per  cent  of 
sulphur.  According  to  Graefe  *  the  sulphur  content  serves  as  a 
test  for  solar  oils  from  brown-coal  tar,  which  may  contain  0.5  to 
1.0  per  cent,  on  the  average  0.8  per  cent  of  sulphur.  The  latter 
also  have  in  proportion  to  their  high  olefin  content,  the  iodine 
values  77-79,  an  American  kerosene  4^17,  Russian  0-0.2,  Galician 
0.7  (see  also  page  275  on  brown-coal  tar  oils).  According  to  Kiss- 
ling  and  Engler,f  Kaiser  oil  shows  0.01,  astral  oil  0.02,  ordinary 
Pennsylvania  oil  0.027  to  0.029,  Russian  0.027  to  0.030,  Galician 
0.039  to  0.062,  Ohio  oil  0.04  to  0.05,  Alsatian  0.06  to  0.068  per  cent 
of  sulphur. 

According  to  Heussler  and  Dennstedt  t  the  cause  of  the  carboni- 
zation of  the  wick  is  the  sulphuric  acid  derivatives  formed  during 
the  refining  process,  these  burning  with  the  formation  of  sulphuric 
acid. 

To  demonstrate  the  presence  of  these,  lamp  oil  is  heated  in  a  paraffin  bath 
at  140°  with  anilin.  At  this  temperature,  in  the  presence  of  these  materials  a 
cloudiness  develops,  due  to  the  precipitation  of  anilin  sulphate.    The  precipi- 

*  Chem.  Rev.,  12,  271  (1905). 
t  Chem.  Rev.,  13,  158  (1906). 
t  Ztsch.  für.  angew.  Chem.,  17,  264  (1904). 
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tated  salt  is  decomposed  with  water  and  the  separated  sulphuric  acid  detected 
in  the  aqueous  solution. 

(6)  Acidity.  On  shaking  100  c.c.  of  kerosene  with  10  c.c.  of  distilled  water 
several  drops  of  1/1000  methyl  orange  being  added,  a  red  color  should  not 
develop.  100  c.c.  of  kerosene  in  100  c.c.  of  a  freshly  neutralized  solution  of  4 
parts  of  ether,  1  part  of  95  per  cent  alcohol  and  1  drop  of  Phenolphthalein  are 
shaken  in  a  glass-stoppered  cylinder  with  1  drop  of  N/10  sodium  hydroxide. 
If  the  kerosene  is  neutral,  the  red  color  will  not  disappear. 

(c)  Presence  of  Salts  of  Naphthenic  and  Sulpho  Acids.  Quali- 
tatively these  substances,  which  decrease  the  burning  power  of  the 
oils,  can  be  extracted  from  the  kerosene  by  shaking  with  dilute 
NaOH  and  precipitating  the  acids  by  acidifying  with  a  mineral 
acid. 

300  c.c.  of  kerosene  are  warmed  to  70°  on  a  water  bath  with  18  c.c.  of  NaOH 
of  specific  gravity  1.014  in  a  500  c.c.  flask  and  vigorously  shaken  for  1  minute. 
The  aqueous  solution  is  separated  in  a  separatory  funnel  and,  after  filtering, 
divided  into  two  parts.  To  one  part,  cone,  hydrochloric  acid  is  added  from  a 
dropping  funnel  till  litmus  or  methyl  orange  is  turned  red.  Then,  to  the 
second  portion  is  added  the  same  number  of  drops  and,  immediately  after 
acidifying,  it  is  examined  to  see  if  one  can  see  through  it  well  enough  to  read 
small  type;  if  the  type  is  visible,  the  sample  is  free  from  considerable  amounts. 
If  the  type  is  not  visible,  the  acid  value  (page  143),  or,  if  no  free  acid  is  pres- 
ent, the  ash  is  determined  according  to  (d).  A  positive  test  with  the  NaOH 
does  not  always  mean  that  such  salts  are  present.  Exposure  to  light  may  make 
the  kerosene  acid  enough  to  give  a  positive  test;  even  the  best  grades  (water 
white)  will  change  in  this  way  and  in  color. 

(d)  The  Ash  is  determined  as  follows:  About  1  liter  of  filtered  kerosene  is 

distilled  from  a  retort,  the  oil  being  run  in  through  a  separatory  funnel  fas- 
tened in  the  tubulature  until  about  20-40  c.c.  of  kerosene  remain.  The  pre- 
cipitate on  the  filter  paper  is  examined  qualitatively  and  quantitatively.  The 
oil  is  put  in  a  tared  platinum  dish,  the  retort  washed  with  naphtha.  On 
evaporation,  the  residue  is  incinerated.  The  ash  is  given  in  per  cent  by 
weight. 

X.  Unsaturated  Hydrocarbons 

Many  kinds  of  kerosene,  especially  Galician  and  Rumanian  oils, 
contain  unsaturated  hydrocarbons  of  the  olefin,  benzene  and  par- 
tially hydrated  cyclic  series.  According  to  Krämer  and  Böttcher 
and  experiments  of  Weger  *  the  amount  of  unsaturated  hydro- 
carbons (soluble  in  cone,  sulphuric  acid)  (see  page  49)  is  an  im- 
portant test  for  the  estimation  of  the  value  of  a  kerosene.  The 
hydrocarbons  mentioned  are  said  to  cause  a  red  coloration  of  the 
flame,  and,  therefore,  with  equal  intensity  of  flame,  the  flame  rich 

*  Chem.  Industr.,  1906,  24. 
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in  unsaturated  bodies  appears  darker.  This  is,  however,  only  the 
case  with  lamps  constructed  for  American  kerosene.  Borneo  or 
Bustenari  oils,  which  burn  poorly  with  ordinary  lamps,  after  re- 
moval of  the  aromatic  derivatives,  are  said  to  be  as  good  in  light- 
ing power  as  the  best  American  oils. 

XI.  Burning  Test  and  Lighting  Value 

The  burning  tests  are  best  carried  out  with  a  Bunsen  photom- 
eter using  a  Lummer-Brodhun  photometer  box.* 

(a)  Photometer.  To  determine  the  candle  power  of  kerosene, 
the  precision  photometer  of  the  Physikalisch  Technischen  Reichs- 
anstalt is  used  in  the  Kgl.  Materialprüfungsamt  (Fig.  29). f 

Two  steel  rods  covered  with  hard  rubber  are  mounted  on  three  cast-iron 
supports;  on  these  are  placed  three  movable  carriages,  I,  II,  III,  each  running 
on  three  rollers.  Each  carriage  has  in  its  center  a  vertical  steel  rod  movable . 
up  and  down  by  means  of  T  and  clamped  by  I.  On  one  is  placed  the  standard 
lamp  N  (a  standard  incandescent  or  a  Hefner  amyl  acetate  lamp),  on  another 
carriage  is  placed  the  Lummer-Brodhun  photometer  box  LB,  and  on  the  third 
the  light  to  be  measured.  Each  carriage  has  a  clamping  arrangement  and  an 
index  by  means  of  which  its  position  on  the  2.5  meter  scale  is  determined  (this 
scale  carries  mm.  graduations).  The  screens  B  are  of  aluminum  foil  covered 
with  dark  velvet  so  that  only  the  light  from  L  strikes  LB.  The  measurement 
is  made  by  moving  the  carriage  LB  until  the  light  intensities  from  N  and  from 
L  appear  equal  in  LB.  (An  optical  arrangement  allows  very  accurate  com- 
parison in  LB).  After  determining  on  the  scale  the  distances  N  to  LB  =  a 
and  L  to  LB  —  6,  the  intensity  of  light  is  calculated  to  be 

L      6». 
but  since  AT,  in  case  amyl  acetate  was  used,  equals  1, 

(6)  Method  of  Testing.]:  1.  The  construction  of  the  lamp  influences  the 
candle  power  of  the  material  and  its  ability  to  burn.    Especially  important 

*  As  recommended  by  the  '  'Vereinigung  der  Gas  und  Wasser-fachmanner 
Deutschlands"  for  the  testing  of  illuminating  gas. 

t  The  bench  is  supplied  by  Schmidt  and  Haensch,  Berlin;  in  factory  labo- 
ratories cheaper  and  simpler  instruments  are  used,  these  being  made  by  Elster, 
Weber,  and  others. 

X  See  also  Eger,  Die  Distillationsprodukte  des  Erdöls  in  ihrer  Verwendung 
als  Leuchtöl,  Chem.  Rev.,  6,  81  (1899);  Albrecht,  Ueber  den  Brennwert  des 
russischen  Petroleums,  ibid.,  5,  189  (1898);  Lunge-Berl,  Chem.-Technische 
Untersuchungsmethoden,  6te  Auflage,  Bd.  III,  320;  Deutsche  Verband- 
Schlüsse,  1909;  Stepanoff,  Grundlagen  der  Lampentheorie,  Stuttgart,  1906; 
Prössdorf  ,  Brennversuche. 
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are  the  method  of  supplying  the  air,  height  of  the  chimney  constriction  above 
the  burner  and  the  general  form  of  the  rest  of  the  chimney,  the  kind  of  wick, 
etc.     The  lamp  must  be  carefully  chosen  to  represent  a  practical  use  of  the  oil. 
Comparisons  of  kerosenes  must,  of  course,  be  made  only  by  using  the  same  lamp. 
The  new  wick  to  be  used  must  be  previously  dried  at  105°  and,  while  still  warm, 
saturated  with  the  kerosene.    After  ignition  it  is  pressed  together  in  the  wick- 
holder  until  there  are  no  peaks  in  the  flame.     The  oil  reservoirs  of  the  photom- 
eter lamps  should  be  as  wide  as  possible  in  order  that  the.  difference  in  level 
between  the  rim  of  the  burner 
and  the  level  of  the  oil  should 
change  as  little  as  possible.  700 
c.c.  of  oil  are  to  be|put  into  the 
reservoir.    The  lamp  generally 
used  is  a  1 4  mm.  circular  burner. 
For  oils  which  require  a  large 
supply  of  oxygen  for  complete 
combustion,  as,  for  example, 
napbthene-rich  Russian  or  Gali- 
cian  oils,  as  well  as  those  rich 
in    unsaturated    or    aromatic 
hydrocarbons,    the    ' ' reform" 
burner  of  Schuster  and  Beer  is 
to  be  used.    The  dimensions  of 
the  Kosmos   burner  chimney 
are:  26  cm.  height,  the  constric- 
tion to  be  5  cm.  high  and  2.5 

2.   Adjusting  the  Height  of 
the  Flame.     To  develop  com- 
pletely the  illuminating  power 
of  several  kinds  of  kerosene 
(especially  Nobel  kerosene)  a 
small  flame  must  be  used  at  the 
beginning  of  burning.     For  the 
first  five  minutes  the  flame  is  to 
be  about  as  high  as  the  constric- 
tion, after  which  it  is  gradually 
increased  in  height  until  a  larger  flame  causes  smoking  or  unsteadiness. 
If  the  flame  has  remained  at  its  maximum  for  15  minutes  before  taking  the 
first  photometer  reading,  it  will  remain  the  same  during  the  rest  of  the  test. 
The  constriction  of  the  chimney  is  to  be  so  chosen,  or  the  chimney  is  to  be  so 
placed,  that  the  maximum  candle  power  will  develop.    The  height  of  the 
flame  can  be  determined  exactly  by  an  arrangement  with  a  small  lens  and  up- 
right scale  (Fig.  30) ;  in  more  exact  measurements  a  cathetometer  and  telescope 

3.  The  Candle  Power  is  determined  only  when  the  maximum  height  has 
been  reached  after  at  least  30  minutes  burning  (in  more  accurate  work,  only 
after  1  hour's  burning).    The  poor  illuminating  power  of  those  kerosenes  con- 


Fig.  30. 
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taining  a  large  amount  of  material  boiling  over  270°  shows  itself  only  after 
prolonged  burning;  the  candle  power  of  such  an  oil  will  decrease  decidedly 
after  several  hours. 

4.  The  Amount  of  Kerosene  .used  is  determined  by  weighing  the  lamp 
before  and  after  the  test  and,  in  exact  work,  after  each  measurement.  The 
result  should  include  not  only  a  statement  of  the  average  candle  power  and 
the  total  quantity  consumed,  but  also  the  consumption  per  candle-hour,  and 
should  state  if  an  odor  developed  and  also  the  length  and  weight  of  wick 
carbonized. 

5.  In  very  careful  work,  that  portion  of  the  oil  remaining  in  the  reservoir 
after  one-half  of  the  oil  in  the  lamp  has  burned,  is  distilled  in  order  to  deter- 
mine if  any  change  in  composition  has  taken  place. 

6.  In  Germany  the  standard  is  the  Hefner-Alteneck  amyl  acetate  lamp, 
the  flame  of  which  is  adjusted  to  a  height  of  40  mm.  The  working  room  is  to 
be  well  ventilated,  otherwise  the  light  emitted  will  vary.  The  difficulty  in 
controlling  the  height  of  the  flame,  the  effect  of  the  humidity  and  changing 
temperature  of  the  air  and  the  sensitiveness  of  the  flame  to  draughts  make  the 
use  of  the  amyl  acetate  lamp  difficult  and  time  consuming.  With  the  electri- 
cal standard  lamp  these  difficulties  disappear.  If  electric  current  with  suit- 
able apparatus  is  available,  the  normal  electric  incandescent  of  10  Hefner 
candle  power  is  used,  the  candle  power  of  this  being  compared  from  time  to 
time  with  the  Hefner  standard. 

The  United  States  Bureau  of  Standards  has  determined  and  defined  an 
international  standard  in  order  to  facilitate  the  calculations  for  international 
use.  This  has  been  accepted  by  England,  France,  and  the  United  States  but 
was  not  accepted  by  Germany  although  the  great  necessity  for  such  a  standard 
is  recognized.    The  relations  are  as  follows: 

One  international  candle  equals 0. 104  Carcel 

One  international  candle  equals 1.11    Hefner  units 

One  international  candle  equals 1.0     American  candle 

One  international  candle  equals 1.0     Bougie  decimale 

7.  Physical  and  Chemical  Tests  (without  a  practical  burning  test)  can  give 
information  regarding  the  combustibility  of  the  oil  only  in  case  the  source  of 
the  oil  is  known  with  certainty. 

8.  Example.  On  a  14  mm.  Stobwasser  burner  American  water-white 
kerosene  showed  after  1  hour  18.8  candle  power,  after  the  third  hour,  18.7 
Hefner  candle  power:  for  Nobel  kerosene  (Caucasus)  the  corresponding  values 
were  14.9  and  14.7.  The  decrease  in  candle  power  which  takes  place  with 
practically  all  oils  to  a  greater  or  less  degree  is  said  to  result  from  a  fractiona- 
tion of  the  oil  in  the  wick.  On  a  "  patent  reform  burner"  water-white  kero- 
sene gave  21.7  and  21.3  Hefner  candle  power,  Nobel  kerosene  18.2  and  18.2. 
The  consumption  per  hour  and  Hefner  candle  for  the  Stobwasser  burner  was 
2.81  grams,  for  the  reform  burner  2.71,  in  both  cases  with  water-white  kero- 
sene; with  Nobel  kerosene  the  values  were  3.24  and  2.90  grams.  It  must  be 
considered  that  water-white  is  a  more  expensive  product  and  that  Nobel 
kerosene  generally  is  found  in  competition  with  standard.    Rumanian  oils 
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which  contain  many  heavy  hydrocarbons  burn  well  on  the  reform  burner,  but 
unsatisfactorily  on  the  Kosmos  unless  some  lighter  American  oil  has  been 
added.  If  the  problem  is  to  find  the  most  suitable  lamp  for  a  new  kind  of 
kerosene,  Prossdorf  (see  above)  advises  that  burning  tests  be  made  with  the 
28  different  14  mm.-models  on  the  market,  as  well  as  on  3  15  mm.-burners. 
Kissling,  however,  thinks  two  types  sufficient,  one  for  those  containing  little 
carbon  (Pennsylvania  oil)  and  one  for  those  oils  containing  much  carbon 
(Russian). 

XII.  Solubility  in  Absolute  Alcohol 

At  ordinary  temperature  kerosene  is  easily  soluble  in  two 
volumes  of  absolute  alcohol,  generally  also  in  less.  According  to 
Aisinman  *  all  crude-oil  fractions  up  to  a  specific  gravity  0.835,  in 
other  words,  most  petroleum  products,  mix  in  all  proportions  with 
alcohol. 

XIII.  Calorific  Value 

According  to  0.  Mohr,  the  different  kerosene  fractions  from  a 
specific  gravity  0.793  to  0.812  and  a  flash  point  22°  to  37.5°  have  a 
heating  value  of  11,011  to  11,101  calories  (see  also  pages  17  and  48). 

XIV.  Source 

Since  it  is  sometimes  useful  to  determine  the  source  of  a  kero- 
sene, several  investigators  have  taken  up  this  point  (see  also  page 
57  under  the  cold  test  of  kerosene). 

1.  If  a  few  drops  of  bromine  are  added  to  2-3  cc.  of  American 
kerosene,  it  decolorizes  almost  at  once  while  almost  all  other  oils 
remain  colored  for  some  time.  An  attempt  t  has  been  made  to 
determine  the  source  by  means  of  the  bromine  and  iodine  values. 
The  iodine  value  for  solar  oil  was  found  to  be  80,  for  Russian  kero- 
sene 0-1.6,  American  5.5-16.5,  Galician  0.1,  Hanoverian  0.7. 
According  to  Utz  the  following  bromine  values  J  were  obtained: 

*  Ding.  Poly.  Jour.,  297,  Heft  2  (1895);  Chem.  Rev.,  4,  161,  176  (1897). 

t  Utz,  Petrol.,  2,  43  (1906) ;  Weger,  same,  101 ;  Graefe,  Ztsch.  für  angew. 
Chem.,  18,  1580  (1905). 

X  The  per  cent  of  bromine  absorbed  is  taken  as  the  bromine  number  (and 
in  a  similar  way,  the  iodine  number).  Compare,  however,  the  definition  of  the 
bromine  number  of  turpentine. 
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TABLE  18 


Source 


Russian  kerosene 

Rumanian 

Austrian 

Galician 

Pennsylvania 

Arc-light 


Bromine 
number 


0.72-0.8 

0.5&-0.8 

0.88 

1.44 

2.0 

2.56 


2.  The  method  proposed  by  Molinari  and  Fenaroli  *  for  deter- 
mining the  origin  of  a  kerosene  by  means  of  the  precipitates  caused 
by  ozone  is  of  more  theoretical  interest  than  practical  value. 

3.  According  to  a  method  proposed  by  Arragon  f  the  source  of 
a  kerosene  was  determined  as  follows:  Equal  parts  of  the  burn- 
ing oil  and  pure  nitric  acid  (sp.  gr.  1.4,  freed  from  nitrous  acid  by 
boiling  with  urea)  were  shaken  for  a  few  moments.  American  oil 
gave  a  beautiful  violet  color,  the  acid  becoming  yellow;  Austrian, 
Galician  and  Russian  kerosenes  became  yellow,  the  acid,  brown. 
By  mixing  the  latter  oils  with  American  oil  and  acid,  the  entire 
mass  became  colored  violet  and  after  shaking  for  10-15  seconds 
changed  suddenly  to  yellow.  In  this  way  10  per  cent  of  Austrian 
oil  could  be  detected  when  mixed  with  American.  Graefe  has 
shown  by  some  experiments  that  several  German  oils  also  give  a 
violet  color. 

D.  Cleaning  Oils 

That  portion  of  the  petroleum  distillates  boiling  between  100° 
and  150°  and  between  200°  and  250°,  which  cannot  be  incorporated 
with  the  more  valuable  products,  is  used  for  cleaning  plain  or  var- 
nished metal  parts.  Variations  from  these  limits  occur;  some  of 
the  lighter  oils  begin  to  boil  at  70°  like  ordinary  naphtha.  Accord- 
ing to  their  boiling  point,  they  are  either  soluble  in  all  proportions 
in  absolute  alcohol  or  only  in  two  volumes  of  alcohol.  Those  oils 
which  are  more  like  the  lubricating  fraction  are  only  slightly  soluble 
in  two  parts  of  absolute  alcohol. 

According  to  the  requirements  different  specifications  as  to 

*  Ber.,  41,  3704  (1908). 
t  Chem.  Ztg.,  83,  20  (1900). 
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inflammability,  color,  etc.,  are  given.  Adulteration  with  other 
oils  is  hardly  to  be  expected  on  account  of  the  cheapness  of  these 
materials,  but  if  necessary  the  regular  tests  given  under  naphtha, 
lubricating  oils,  etc.,  could  be  made.  The  properties  are  deter- 
mined as  with  other  mineral  oils.  The  flash  point  of  the  oils  boil- 
ing over  200°  (which  are  the  most  common)  generally  lies  between 
70°  and  155°  as  determined  in  the  Pensky  apparatus  (in  a  few 
instances  at  38°),  generally  under  100°,  and  between  80°  and  162° 
in  an  open  vessel.  Of  twelve  oils  examined  as  fire  risks  only  two 
boiled  under  100°;  the  flash  points  of  these  were  much  below  0°. 
These  oils  should  contain  no  coal-tar  oils  which  might  act  in- 
juriously on  the  health  (see  the  specifications  and  also  pages  41 
and  273).  The  oils  should  be  tested  for  materials  having  an 
irritating  effect  on  the  skin  (creosote);  for  this  purpose  100  c.c.  of 
oil  are  shaken  with  an  alkali  solution  of  specific  gravity  1.045  for  5 
minutes,  the  decrease  in  volume  giving  the  amount  of  creosote. 

E.  Gas  Oils 

The  gas  oils  are  used  for  making  gas  in  retorts  heated  to  a  very 
high  temperature,  or  for  mixing  with  water  gas  in  the  process  of 
carburetting  in  which  they  are  gasified  in  chambers  heated  to 
800-850°.  They  can  be  obtained  not  only  from  every  crude  oil 
but  also  from  brown-coal  tar  oils  and  from  shale  oil.  They  are 
light  yellow  to  brown,  very  mobile  oils,  which  distill  between  the 
boiling  limits  of  illuminating  and  lubricating  oils,  and,  therefore, 
boil  between  200°  and  400°;  they  are  obtained  from  the  paraffin 
fractions  after  separation  of  the  paraffin.  They  are  generally 
soluble  in  two  volumes  of  alcohol  at  room  temperature. 

As  a  matter  of  fact  all  mineral  oils  can  be  used  for  gas  making, 
that  is,  changed  to  gas  by  dropping  on  hot  surfaces,  but  naturally 
only  those  fractions  are  used  which  are  not  more  valuable  when 
used  as  illuminating  or  lubricating  oils.  In  the  preparation  of 
oil  gas,  the  oil  drops  into  a  hot  retort,  decomposing  into  gas,  tar 
and  coke.  In  the  water  gas  process,  in  the  preliminary  process, 
producer  gas  is  formed,  which,  passing  through  the  checker-work 
of  the  carburettor,  heats  this  to  a  high  temperature.  If  the  gas  oil 
is  allowed  to  trickle  into  the  carburettor  while  the  water  gas  is 
forced  in,  there  results  a  mixture  of  oil  and  water  gas  which  has 
sufficient  illuminating  and  fuel  value  to  allow  mixing  with  coal  gas. 
Since  the  introduction  of  incandescent  mantles  and  the  use  of 
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water  gas  in  running  stationary  gas  engines,  the  fuel  value  of  a  gas 
has  become  of  greater  importance  than  the  illuminating  power.  A 
gas  oil  is,  therefore,  considered  the  more  valuable  the  more  it  in- 
creases the  heating  value  of  the  gas  to  be  carburetted.  Spiegel  * 
proposes  determining  the  value  of  gas  oils  from  the  amount  of 
hydrogen  contained,  as  found  by  elementary  analysis.  .  Ross  and 
Leathes,  however,  found  that  this  method  is  not  free  from  fault  t 
since  the  constitution  of  the  oil  is  of  influence  on  its  carburetting 
value.  To  have  a  simple  means  of  determining  the  value  of  an 
oil,  they  gasify  15  c.c.  from  a  retort  (23  X  14.5  X  12  cm.)  and 
determine  the  temperature  with  an  electric  pyrometer.  The 
volume  of  gas  formed  and  the  amount  absorbed  by  fuming  sul- 
phuric acid  are  determined.  The  product  of  the  two  quantities 
for  Pennsylvania  oil  gasified  at  760°  is  taken  as  a  standard;  the 
product  for  other  oils  compared  with  the  standard  as  100  gives 
the  relative  value. 


TABLE  20 


Kind  of  oil 

Temperature 

of 
gasification 

Volume  of  gas 

from  one 
volume  of  oil 

Per  cent  of 

heavy 

hydrocarbons 

Relative 
value 

Pennsylvania 

760 
680 
680 
610 
760 
680 

529.9 
465.7 
429.0 
325.0 
459.7 
452.8 

30.1 
34.2 
31.8 
30.1 
28.6 
35.5 

100.00 

Russian 

99.86 

Russian  (refined) 

Texas 

85.53 
61.25 

Rumanian 

82.43 

Galician 

100.78 

Experiments  performed  on  a  large  scale  showed  that  by  this 
method  the  results  are  similar  to  carburizing  in  practice.  By 
carburizing  in  the  retort  the  part  of  the  fuel  value  going  into  the 
gas  is  5-10  per  cent  less  than  in  the  carburettor. 

Sulphur  in  the  oil  does  not  make  the  oil  useless  for  carburizing, 
for  it  will  be  almost  completely  removed  in  subsequent  purification 
of  the  gas;  an  oil  with  1  per  cent  of  sulphur  gave  after  gasifying 
only  i  to  J  gram  of  sulphur  per  cubic  meter  of  gas.  The  amount 
of  oil  required  per  cubic  meter  of  gas  was  427.6  grams;  the  sulphur 
contained  in  this  amount  of  oil,  4.276  grams;  the  sulphur  contained 
per  cubic  meter  gas,  0.323  gram. 

*  Jour,  für  Gasbeleuchtung,  60,  45  (1907). 
t  Journal  of  Gaslighting,  1906,  825. 
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Fig.  31. 
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Specific  gravity,  boiling  limits  and  flash  point  are  determined 
as  with  other  mineral  oil  fractions  in  order  to  obtain  general  infor- 
mation about  the  oil  and  for  control  of  identity.  Since  adultera- 
tion is  out  of  the  question,  the  value  of  an  oil  is  determined  by  the 
calorific  value  and  quantity  of  gas  made.  To  determine  this 
requires  the  installation  of  small  gas  plants,  which  involves  con- 
siderable expense,  thus  making  it  available  only  for  the  larger  plants 
or  establishments  with  considerable  resources.  To  determine  the 
•gasifying  power  of  oils  with  the  limited  means  of  small  labora- 
tories, Wernecke  constructed  an  apparatus  in  which  the  gas  and 
tar  from  100  c.c.  of  oil  are  determined.  This  apparatus  has  been 
tested  by  Heifers,  Eisenlohr  and  others  and  found  useful,  yet  a 
large  number  of  practical  men  have  spoken  against  it;  as  the 
apparatus  is  still  used  (for  example,  by  the  Baden  State  Railways), 
it  is  described  (Fig.  31). 

The  oil  to  be  tested  is  put  into  the  Hoffman  funnel  and  passes  through  the 
glass  cylinder  i  and  the  U-tube  h  to  the  retort  g.  To  determine  the  amount 
of  oil  gasified,  the  filling  arrangement  sihk  is  weighed  before  and  after  the 
experiment;  the  retort  g  and  the  tar  separator  ooi  are  also  weighed  before  and 
after  to  determine  the  coke  and  tar  formed.  To  allow  a  very  slow  delivery  of 
oil  to  the  hot  retort  walls,  a  needle  valve  is  placed  in  k. 

After  preheating  the  retort  in  the  stove  a  to  redness  by  means  of  the  burner 
dy  the  needle  valve  is  screwed  back  as  far  as  possible.  The  oil  supply  is  regu- 
lated by  turning  the  glass  rod  in  the  funnel  so  that  the  oil  in  the  cylinder  i 
always  fluctuates  near  the  zero  point  and  so  that  10  to  30  drops  of  oil  gasify 
per  minute;  the  oil  is  measured  while  the  cylinder  %  is  filling  to  the  zero  mark. 
During  the  process  of  gasifying,  variations  in  the  number  of  drops  and  the 
temperature  are  to  be  avoided. 

The  oil  runs  into  the  space  m  (before  entering  the  retort)  from  which  it  flows 
to  the  red  hot  walls.  The  resulting  gases  and  tar  vapors  pass  through  the  tube 
/  to  the  tar  separator  oo\  and  through  g  to  the  condensation  pipe  r.  The 
gas  passes  to  the  gasometer  where  the  amount  is  measured.  Clogging  of  the 
tube  I  of  the  retort  is  made  evident  by  the  increase  of  pressure  on  the  surface 
of  the  oil  in  the  cylinder  i\  the  clogging  material  is  removed  by  the  swab  n 
without  interrupting  the  test.  The  gasification  may  be  considered  normal 
when  the  escaping  gas  is  brown  and  the  tar  is  dark  colored;  white  vapors  and 
light  brown  tar  point  to  incomplete  heating. 

Recently  Hempel  *  has  made  exhaustive  experiments  and  in- 
stead of  using  the  accepted  valuation  of  a  gas  oil,  he  gives  a  so- 
called  efficiency  value,  which  is  obtained  as  a  product  of  heating 
value  and  amount  of  gas  formed.  If  heated  to  within  40°  of  the 
suitable  temperature  (745-790°),  the  efficiency  value  remains  con- 

*  Jour.  f.  Gasbel,  63,  53,  77,  101,  137,  155  (1910). 
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stant,  for  although  a  decided  difference  in  composition  results,  the 
energy  relations  remain  unchanged. 

Hempel  seeks  to  avoid  the  faults  of  the  Wernecke  apparatus,  namely  vari- 
able temperature,  insufficient  heating  and  at  times  overheating.  He  uses  a 
horizontal  retort  (Fig.  32)  A,  about  40  cm.  long,  which  is  heated  by  several 
burners,  operated  by  gas  and  compressed  air,  to  a  temperature  constant  within 
four  degrees;  a  thermo-element  of  platinum  and  platinum-rhodium  in  a  porce- 
lain capillary  attached  to  a  Mannesmann  (E)  tube  is  used  to  measure  the  tem- 
perature. The  oil  is  fed  in  through  a  spiral  feed  F,  connected  with  a  constant 
level  device  to  prevent  changes  in  pressure.  To  retain  the  tar  two  separators 
are  used,  the  first  filled  with  glass  pearls  and  glass  wool,  the  second  with  glass 
wool  alone.    The  gas  passes  from  these  into  the  reservoir,  from  which  portions 


Fig.  32. 

are  removed  for  analysis.  At  750-800°,  this  apparatus  gives  values  which 
agree  with  those  obtained  in  practice;  even  the  analyses  of  the  gases  obtained 
agree  with  the  actual.  The  yield  of  gas  increases  with  the  temperature,  the 
fuel  value  decreases  however,  the  efficiency  value  remaining  practically  un- 
changed. 

Hempel  also  worked  with  a  somewhat  altered  form  of  the  Wer- 
necke apparatus  which  prevented  the  distillation  of  ungasified  oil; 
although  the  agreement  of  the  experimental  results  was  much 
better  than  with  the  original  apparatus  of  Wernecke,  it  was  not 
an  absolute  agreement,  since  it  was  impossible  to  attain  a  con- 
stant temperature.  The  changed  apparatus  has  a  certain  degree 
of  usefulness,  in  that  it  brings  out  the  comparative  differences  of 
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the  oils;  since  the  results  do  not  agree  with  those  of  the  industry, 
its  use  is  of  doubtful  value.  (See,  however,  page  80  for  the  speci- 
fications of  the  Baden  State  Railway.) 

Description  of  a  Practical  Test  Made  with  Mineral  Oils  at  an 

Experimental  Plant. 

The  gasification  was  carried  on  in  a  bricked-in  standard  oil-gas 
furnace  according  to  the  exact  directions  of  the  consumer.  The 
retorts  were  fitted  with  a  Le  Chatelier  thermo-couple.  The  stove 
and  connections  were  brought  to  equilibrium  in  all  parts  by  a  pre- 
liminary test  with  brown-coal  tar  oil  and  during  the  gasifying  process 
were  washed  out  with  the  products  of  the  test  oil  until  equi- 
librium was  certainly  established  and  only  the  gas  from  the  test 
oil  was  present.  The  amount  of  oil  in  general  should  be  enough  to 
supply  a  regular  amount  for  60  minutes;  in  this  test  it  only  lasted 
for  40  minutes.  The  amount  of  gas,  the  temperature  and  the  rate 
of  supply  of  oil  were  measured  at  10-minute  intervals.  The  prog- 
ress of  the  test  is  given  in  the  following  data  obtained  by  F.  Frank 
with  a  normal  gas  oil. 

Temperature  of  the  upper  retorts     Limits 670-690°  C. 

Average 680° 

Temperature  of  the  lower  retorts      Limits 740-750° 

Average 745° 

Time  of  the  experiment  in  minutes 40 

Kilograms  of  oil  gasified 12. 91 

Cubic  meters  of  gas  formed  (metered) 7. 70 

Kilograms  of  tar  (weighed  in  the  separator) 4. 45 

Gas  oil  used  per  hour  (kilograms) 19. 37 

Cubic  meters  of  gas  produced  per  hour 11.55 

From  100  kilograms  of  oil  were  obtained  cubic  meters  of  gas 59. 64 

From  100  kilograms  of  oil  were  obtained  kilograms  of  gas 34. 47 

The  gas  gave  with  a  burner  No.  60  (that  is,  with  a  consumption  of 
35  liters  per  hour)  a  Hefner  candle  power  of  11.3  (average  of  4 
results  measured  at  10-minute  intervals). 

The  oil  corresponded,  except  for  the  tar  formed,  to  the  Prus- 
sian railway  regulations  existent  at  the  time  of  test  and  the 
yield  of  gas  and  candle  power  was  actually  higher  than  specified. 
The  new  conditions  do  not  consider  candle  power,  but  only  the 
fuel  value,  as  the  gas  is  now  almost  entirely  used  with  mantles  or 
as  a  fuel. 

Regarding  gas  oils  from  brown-coal  tar  and  from  shale  see  page 
271. 
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F.  Transformer  Otts 

The  transformers  of  electric  power  stations  are  often  immersed 
in  covered  vessels  filled  with  mineral  oil  to  prevent  heating  or 
short  circuiting;  these  oil  reservoirs  often  have  a  capacity  of  several 
cubic  meters. 

The  oil  *  used  for  transformers  must  be  carefully  freed  from 
water  and  mineral  acids  so  that  it  will  be  a  good  insulator  and  will 
not  attack  the  copper  or  the  insulation.  It  must  also  be  non- 
volatile since  it  is  heated  to  90°  in  the  transformers  and  consider- 
able surface  is  exposed  for  evaporation.  On  heating  for  several 
hours  to  100°,  it  should  show  no  decomposition  nor  should  any 
precipitate  collect  on  the  cold  surfaces;  it  should  remain  liquid  at 
— 15°.  Thrice  refined  rosin  oil  with  an  acidity  of  at  most  0.2  per 
cent  SOs  and  a  flash  point  of  155°  in  the  Pensky-Martens  apparatus 
has  been  found  satisfactory  by  practical  tests,  because  even  on 
prolonged  heating  no  resinous  precipitates  will  form  and  it  insu- 
lates better  than  mineral  oils. 

Recently,  however,  the  high  boiling  distillates  of  crude  oil, 
mineral  lubricating  oils,  are  being  used  for  this  purpose  in  increas- 
ing amounts.  A  mineral  oil  of  (Engler)  viscosity  9.8,  of  specific 
gravity  0.8825,  flash  point  185°,  which  after  five  hours  heating  at 
100°  in  the  apparatus  of  Holde  (see  page  131)  lost  only  0.06  per 
cent,  after  2  hours  at  170°  lost  only  1  per  cent,  has  been  found  to 
be  a  typical  transformer  oil  according  to  the  experience  of  the 
General  Electric  Company  of  Berlin.  According  to  the  specifica- 
tions of  other  companies,  the  mineral  oils  used  should  have  an 
(Engler)  viscosity  (see  specifications  page  83)  of  less  than  8  at  20°. 
The  amount  lost  by  evaporation  at  100°  by  5  hours  heating  should 
not  be  more  than  0.4  per  cent. 

The  rosin  oils  just  mentioned  do,  however,  show  a  considerably 
higher  volatility  at  100°  and  at  170°  than  do  viscous  (and  even 
mobile)  mineral  oils.  At  100°  after  5  hours  heating  they  show 
1-1.5  per  cent  loss;  mineral  oils  (Engler  viscosity  6-44),  only  0.05- 
0.10  per  cent.  With  two  hours  at  170°  in  an  anilin  bath  5.6-7.4 
per  cent  of  the  heavy  rosin  oil  evaporated;  of  the  mineral  oil,  only 
0.5-1.0  per  cent.  More  mobile  mineral  oils  show  a  higher  volatility. 
The  mobile  brown-coal  tar  oils  evaporate  much  more  at  100°;  they 

*  For  literature  see  Holde,  Mitteilungen,  22,  147  (1904).  In  the  third 
edition,  this  section  was  written  with  the  aid  of  Dr.  Brauen,  Chemist  of  the 
General  Electric  Company  of  Berlin. 
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appear  to  be  unsuited  for  the  purpose.  In  using  rosin  oils,  since 
they  are  decidedly  volatile,  care  must  be  taken  to  prevent  heating 
of  the  transformers. 

There  is  no  close  connection  between  the  flash  point,  the  burn- 
ing point  and  the  volatility.  The  higher  the  flash  (open  test)  and 
burning  points,  the  less  the  amount  of  oil  evaporated;  in  the  Pen- 
sky  apparatus,  which  detects  minute  quantities  of  vapor,  this  is 
not  always  true. 

Mineral  oils  in  general  tend  to  decompose  with  continued  heat- 
ing through  oxidation  and  separation  of  asphalt  and  resinous  prod- 
ucts (see  page  150);  these  separated  portions  interfere  with  the 
running  of  the  transformer  since  they  cling  to  the  windings  and 
prevent  the  carrying  off  of  the  heat  through  the  oil.  It  is  abso- 
lutely necessary  to  determine  to  what  extent  it  tends  to  decompose; 
if  it  decomposes  it  soon  shows  a  cloudiness  and  later  a  floccu- 
lent  yellowish  to  brownish  precipitate  of  oxidation  products.  The 
precipitate  is  easily  soluble  in  benzol  and  in  chloroform  but  not 
soluble  in  naphtha  and  in  alcohol;  the  oil  becomes  asphaltic  on 
heating  and  is  no  longer  completely  soluble  in  naphtha. 

Cotton  threads  hung  in  the  oil  must  after  400  hours  heating  show 
no  decrease  in  strength  due  to  acidity.  Moreover,  the  oil  should 
show  only  a  slight  darkening  after  heating  400  hours  at  100°,  but 
no  other  change. 

Formerly  the  heat  capacity  of  transformer  oils  was  determined 
(for  different  viscous  oils,  this  lies  between  0.40  and  0.50)  but  this 
is  unnecessary,  since  it  is  less  a  question  of  heat  capacity  than  of 
resistance  of  the  oil  at  the  temperature  attained  during  maximum 
load.  The  resistance  and  the  rise  of  temperature  during  load  are 
both  dependent  on  the  viscosity  of  the  oil,  the  heat  capacity  play- 
ing only  a  minor  part. 

The  electrical  testing  of  the  oil  as  an  insulator  *  is  carried  out 
in  a  200  c.c.  vessel,  3  cm.  in  diameter,  filled  with  oil,  in  which  a 
spark  gap  is  placed  and  the  voltage  at  which  sparking  begins  meas- 
ured. The  depth  of  immersion  of  the  spark  gap  must  always  be 
the  same;  the  balls  must  be  well  polished.  The  presence  of  water, 
of  air  bubbles  and  of  small  threads  have  a  decided  effect  on  the 
result. 

Another  method  consists  f  in  determining  the  voltage  at  which  a 

*  Elektr.  Anzeiger  through  Organ  f.d.  Oel-  und  Fett-handel,  Nr.  54, 1904. 
t  Chem.  Rev.,  16,  232  (1909). 
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continuous  discharge  takes  place  between  two  steel  balls  of  10  mm. 
diameter  placed  vertically  5  mm.  apart.  The  oil  is  heated  to  80°, 
and  then  with  decreasing  temperature,  the  voltage  determined  at 
which  a  continuous  discharge  passes  through  the  5  mm.  thick  layer 
of  oil  (see  Table  22). 


TABLE  22 

Temperature 

Voltage 

68 
50 
45 
34 
26 

50,000 
48,000 
45,000 
43,000 
40,000 

Experiments  on  the  relation  between  the  viscosity  of  the  oil  and 
the  resistance  to  the  discharge  were  carried  out  by  Breth.*  The 
more  mobile  oils  have  the  higher  resistance.  Since  in  using  min- 
eral oils  a  separation  of  asphalt  takes  place,  greater  with  heavy 
oils  than  with  light,  the  mobile  oils  are  to  be  preferred  for  this 
reason  also. 

Oil  is  also  used  for  oil  switches  to  prevent  arcing  of  high-tension 
currents;  for  this  purpose  oils  free  from  water  and  acid  must  be 
used.  They  should  also  be  resistant  to  cold  and  have  a  high  Sash 
and  burning  point.  The  oil  should  be  mobile,  in  order  that  it  may 
quickly  penetrate  the  broken  circuit  and  extinguish  the  arc. 

Rosin  oils  are  much  carbonized  because  of  their  carbon  content, 
whereby  they  lose  in  their  insulating  power.  Mobile  mineral  oils 
with  the  following  properties  should  be  used  for  this  purpose: 
Flash  point  (open  dish)  over  170°,  burning  point  over  200°  C, 
specific  gravity  0.880-0.900,  viscosity  (Engler)  at  20°  under  10°, 
cold  test  under  —20°. 

The  following  are  specifications  for  transformer  and  switch  oils: 

1.  Only  clean  refined  mineral  oils  should  be  used  (rosin  oils 
should  not  be  mixed  with  mineral  oils.    Testing  see  page  162). 

2.  The  specific  gravity  should  lie  between  0.86  and  0.92  at  15.° 

3.  The  Engler  viscosity  should  not  be  more  than  8  at  20°. 

4.  The  flash  and  burning  points,  determined  in  an  open  dish  by 
the  method  of  Marcusson,  should  not  be  under  160°  and  180° 
respectively. 

*  Petrol,  7,  290  (1911). 
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5.  The  'cold  test  should  not  be  above  -20°.  In  a  test  tube  15 
mm.  wide  in  a  layer  4  cm.  deep,  after  cooling  1  hour  to  —20°,  the 
oil  must  still  be  liquid  when  inverted,  and  clear. 

6.  The  loss  on  heating  to  100°  for  five  hours  must  not  be  over 
0.4  per  cent. 

7.  The  oil  should  be  free  from  acid,  alkali,  sulphur  and  abso- 
lutely free  from  moisture;  the  moisture  is  tested  for  by  heating 
in  a  test  tube;  neither  a  cloudiness  nor  decrepitation  should 
result. 

8.  The  oil  should  be  clean;  suspended  particles,  threads,  sand, 
etc.,  must  be  absent  (determined  by  pouring  through  a  sieve  of 
0.3  mm.  mesh). 

9.  After  passing  a  stream  of  oxygen  for  70  hours  through  the 
oil  heated  to  120°,  the  oil  must  still  be  clear  and  completely  soluble 
in  naphtha  (0.700).  The  tar  value  should  not  be  greater  than  0.1 
per  cent.  Testing  for  free  alkali:  The  oil  is  dissolved  in  a  neutral- 
ized mixture  of  alcohol-ether  (1:4)  and  if  a  red  color  develops  in 
the  presence  of  Phenolphthalein,  the  free  alkali  titrated  back  with 
N/10  hydrochloric  acid. 

Test  for  sulphur:  Qualitatively,  1  c.c.  of  oil  is  heated  with  a  small 
piece  of  sodium  till  all  the  oil  evaporates  and  the  mass  is  red  hot; 
the  melt  dissolved  in  water  gives  a  brown  spot  on  a  silver  coin,  as 
well  as  coloration  with  sodium  nitroprusside. 

Quantitatively,  the  sulphur  is  determined  by  the  method  of 
Rothe  (page  40). 

Resinification  test.  In  carrying  out  test  number  9  (above)  150 
grams  of  sample  are  heated  in  a  400  c.c.  Erlenmeyer  flask  for  70 
hours  at  120°,  bubbling  through  the  oil  a  stream  of  oxygen  (using 
a  tube  at  least  3  mm.  wide)  at  the  rate  of  2  bubbles  per  second. 
To  test  for  tarry  matter  after  the  above  test  is  finished,  50  grams 
of  oil  are  heated  in  a  flask  under  a  reflux  for  20  minutes  with  a 
solution  of  1000  parts  by  weight  of  alcohol,  1000  parts  of  water 
and  75  parts  of  sodium  hydroxide.  After  detaching  the  condenser 
the  warm  mixture  is  shaken  5  minutes,  put  into  a  separatory  funnel 
and  as  much  as  possible  of  the  alcoholic  alkali  filtered  off.  40  c.c. 
of  the  filtrate  are  acidified  with  hydrochloric  acid  and  the  tarry 
matter  is  dissolved  in  benzol;  the  extraction  with  benzol  is  re- 
peated. The  benzol  solution  is  washed  with  water  and  then 
evaporated  in  a  glass  dish.  The  residue  is  dried  for  5  minutes 
at  100°  and  weighed. 


PETROLEUM  AND  PETROLEUM  PRODUCTS  85 

6.  Motor  and  Fuel  Oils 

I.  Motor  Oils 

For  internal  combustion  motors  and  Diesel  motors  mineral  oils 
are  used  as  the  source  of  power.  The  internal  combustion  motors 
are  by  far  the  more  common.  An  automobile  fuel  must  above  all 
evaporate  easily  at  ordinary  temperature  (without  a  complicated 
preheater)  to  supply  enough  gas  for  the  combustion.  Gasoline 
does  this  better  than  any  other  available  material.  Light  naphtha 
(boiling  limits  80-100°,  at  the  highest  120°)  of  specific  gravity  0.68- 
0.705  is  best  for  pleasure  vehicles;  heavy  naphtha  (boiling  limits 
80-150°)  is  not  so  satisfactory.  The  use  of  higher  boiling  naphthas 
for  commercial  vehicles  is  explained  by  commercial  considera- 
tions; recently  the  carburettors  have  been  so  perfected  that  heavier 
naphtha  can  be  completely  and  regularly  burned.  The  attempts 
to  use  kerosene  have  thus  far  proved  unsuccessful  as  the  portions 
boiling  near  300°  cause  difficulties.  Benzol,  naphthalene,  acety- 
lene dissolved  in  acetone,  etc.,  have  met  with  a  certain  amount  of 
success. 

Regarding  fuel  for  the  Diesel  motors  see  Rippel  *  and  Kutzbach. 
For  this  purpose  can  be  used  not  only  crude  oil  distillates,  as 
kerosene,  gas  oils,  solar  oil,  some  brown-coal  tar  oils  rich  in  par- 
affin, etc.,  but  even  crude  oils  themselves  are  available,  since  the 
resinous  and  high  boiling  part  is  completely  burnt  by  the  hot  com- 
pressed air  in  the  explosion  cylinder.  A  limitation  of  Diesel  motor 
oils  according  to  their  viscosity  is  not  necessary  since  this  is  only  a 
mechanical  difficulty.  The  flash  point  need  be  considered  only 
in  so  far  as  the  oils  are  fire  risks  in  storage  and  transport;  the 
specific  gravity,  fire  test  and  boiling  limits  serve  to  indentify  the 
sample;  they  are  of  no  use  in  estimating  the  usefulness  of  the  oil. 
The  calorific  value,  which  for  the  better  oils  is  10,000  calories,  is 
of  importance  in  that  oils  of  high  fuel  value  contain  a  much  greater 
content  of  useful  energy  per  unit  weight.  Solid  particles  must  be 
absent  as  they  clog  the  tubes  and  valves  of  the  engines. 

The  creosote  content  of  an  oil  must  not  exceed  12  per  cent  since 
it  decreases  the  calorific  value  of  the  oil  and  causes  fouling.  The 
sulphur  has  no  effect  on  its  fuel  value,  but  an  oil  low  in  sulphur  is 
preferred  because  it  does  not  attack  the  exhaust  pipes.    A  harm- 

*  Ztschr.  des  Vereins  deutsche  Ingenieure,  1907»  613. 
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ful  action  of  the  products  of  combustion  on  the  parts  of  the  motor 
need  not  be  feared,  for  sulphur  dioxide  and  trioxide  do  not  attack 
iron.  A  condition  for  corrosion  is  the  condensation  of  the  water 
vapor  present,  and  so  long  as  this  remains  uncondensed,  corrosive 
action  is  retarded;  the  corrosive  action  will,  therefore,  be  confined 
to  the  exhaust,  since  the  water  remains  in  the  form  of  vapor  in  the 
motor.    The  exhaust  should  be  made  short  or  lined  with  lead. 

Not  more  than  25  per  cent  of  coal-tar  oils  should  be  present,  to 
avoid  irregularity  in  the  action  of  the  motor;  only  by  preheating 
the  compression  chamber  considerably  can  the  pure  coal-tar  oils 
be  completely  burned  in  the  Diesel  motor.  The  following  specifi- 
cations of  south  German  railways  practically  exclude  coal-tar  oils. 

TABLE  23 
Specification  for  Diesel  Motor  Oils  (in  Force  Beginning  1913) 


State 

External 
appearance 

Specific 

gravity 

at  15°  C. 

Flash  point, 

O  -  open, 

P  -  Pensky 

Further  requirements 

Bavaria. 

0.830-0.900 
0.830-0.880 

P  not  under 
70° 

O  not  under 
80° 

Creosote  not  over  2 

1908 

Imperial 
Territory, 
1912 

per       cent;      fuel 
value  at  least  9500 
calories 
Crude-oil   distillate. 

- 

free    from    water, 
burning  in  Diesel 
motor  without  res- 
idue, fuel  value  at 
least  10,000  calories 

For  specifications  regarding  naphtha  see  page  51. 

The  following  are  requirements  set  for  benzol :  It  must  be  free 
from  water  and  all  substances  injurious  to  the  motor;  it  should. be 
of  uniform  composition  and  not  obtained  by  mixing  high  boiling 
and  low  boiling  fractions.  Only  benzol  which  does  not  freeze  in 
winter  is  wanted.    Specific  gravity  at  15°  should  be  0.880. 

II.  Fuel  Oils  (Masut,  Astatki) 

Crude  oils  and  liquid  residues  from  crude  oils  are  used  to  a  con- 
siderable extent  in  countries  rich  in  oil  and  poor  in  coal  (California, 
Russia,  etc.),  as  a  fuel  for  locomotives,  for  ships,  for  oil  stills  and 
similar  purposes.  The  heating  value  of  masut  ranges  from  10,000 
to  11,000  calories.    In  Germany  liquid  fuel  is^rarely  used.    Re- 
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cently  attempts  have  been  made  to  use  cheap  lignite-tar  oils  in 
locomotives. 

The  examination  includes  (besides  fuel  value)  a  determination 
of  moisture  (page  22),  volatile  components  (distillation  from  an 
Engler  flask,  page  27),  flash  point  (page  133),  and  freezing  point 
(page  125).  The  last  is  of  importance  in  feeding  the  burners  at 
low  temperatures;  the  common  Baku  residues  are  free  from  paraf- 
fin and  do  not  solidify  easily;  by  the  addition  of  less  valuable 
materials  this  might  no  longer  be  the  case. 

High  sulphur  content  is  considered  detrimental  because  of  the 
formation  of  sulphur  dioxide;  in  Russia,  the  Eschka  method 
(page  172)  or  Lidow  method  of  combustion  with  sodium  peroxide 
is  used. 

In  this  last  method  5  grams  of  material  are  dissolved  in  25  grams  of  ethyl 
ether  and  this  solution  is  mixed  in  a  mortar  with  10  grams  of  powdered  glass, 
ignited  silica  or  clay.  2  grams  of  this  mixture,  corresponding  to  0.667  gram 
of  masut,  are  thoroughly  mixed  with  13  grams  of  sodium  peroxide  and  ignited 
in  a  bomb.  In  the  product  the  sulphur  is  determined  as  barium  sulphate. 
(See  also  page  40.) 

Sand  and  ash  are  determined  according  to  the  method  described 
on  pages  23  and  157. 

The  calorific  value  is  determined  in  the  Berthelot-Kröker  bomb 
(page  17)  or  with  less  accurate  work  by  means  of  an  elementary 
analysis  and  the  formula  of  Dulong 

x  =  8080C  +  34,500 (H  -  J O)  +  2220 S. 

This  is  said  *  to  give  results  too  low.  The  use  of  the  formula  of 
Walker 

x  =  8080 (C  -  f  O)  +  34,500 H  +  2220S 

gave  results  somewhat  high  but  agreeing  very  closely  with  the 
values  obtained  in  the  bomb. 

Since  the  hydrogen  content  of  a  fuel  is  of  great  importance, 
Lidow  ignites  1  gram  of  substance  \  hour  with  magnesium,  all 
elements  (C,  H,  N)  uniting  with  the  metal,  except  the  hydrogen 
which  escapes  and  is  determined  volumetrically. 

The  acidity  determined,  as  on  page  145,  is  generally  1-3  in 
masut.  Sulphuric  acid  and  alkalies  are  determined  in  the  aqueous 
extract,  as  on  pages  143  and  144. 

*  Sherman  and  Amend,  J.  Soc.  Chem.  Ind.,  1912,  61. 
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The  United  States  Bureau  of  Mines  *  has  given  the  following 
requirements  for  a  fuel  oil.  Most  important  is  the  calorific  value 
which  should  be  at  least  10,000  calories.  The  flash  point  should 
not  be  under  60°;  all  low-boiling  oils  must  have  been  removed  by 
distillation.  The  specific  gravity  should  be  between  0.85  and  0.96 
at  15°.  The  oil  must  remain  liquid  at  0°  and  not  contain  more 
than  2  per  cent  of  water  and  1  per  cent  of  sulphur. 

TABLE  24 
Calorific  Values  and  Elementary  Analyses  of  Various  Fuels! 


Material 


Paraffin  oil  (from 
brown-coal 
tar) 


The  same, 


Solar   oil    (from 
brown-coal 
tar) 

Kerosene 


Same 


Naphtha. 


Spemfio 

gravity 

at  15° 

Percent 

c 

H 

0 

0.915 

85.42 

11.33 

3.25 

0.890 

• 

85.58 

11.49 

• 

2.93 

0.825 

85.48 

12.31 

2.21 

0.796 

84.76 

14.09 

1.15 

0.789 

85.24 

14.34 

0.42 

0.716 

85.20 

14.80 

.  •  •  • 

Fuel  value, 
calories 


9,790 

9,836 

9,988 

10,305 
10,335 
10,359 


Heat  of  com- 
bustion re- 
ferred to 
liquid  water 


10,440 

10,454 

10,653 

11,066 
11,109 
11,157 


The  values  given  for  oxygen  in  the  case  of  the  brown-coal  tar  oils 
include  sulphur  also. 

H.  Oils  for  the  Laying  of  Dust 

To  lay  the  dust  on  streets  more  effectually  than  is  possible  with 
water,  an  attempt  has  been  made  to  cover  the  surface  with  tar  or 
oil;  the  action  depends  on  the  very  slow  evaporation  of  the  heavier 
components,  on  the  ease  of  oxidation  to  asphaltic  bodies  and  on 
the  disinfecting  action.  The  tar  applied  hot  is  brushed  into  the 
street,  or  an  emulsion  of  oil  and  water  is  used.  The  materials 
best  suited  for  the  laying  of  dust  are  crude  oils,  heavy  asphaltic 
oils,  oil  residues,  tars,  liquid  asphalts,  etc.  Raschig  has  recently 
proposed  a  mixture  of  tar  and  clay  (Kiton). 

*  Petrol.,  7,  153  (1911). 

t  Langbein,  Ztschr.  f.  angew.  Chem.,  IS,  1266  (1900). 
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In  printing  establishments  and  type  foundries,  the  floors  are 
oiled  regularly,  since  with  one  treatment  of  non-drying  oil  they 
can  be  swept  without  raising  the  dust.  In  some  respects  this  is 
not  satisfactory,  because  the  oil  is  expensive  and  the  floors  become 
slippery  thus  leading  to  injury. 

A  series  of  floor  oils  was  examined  by  R.  Heise  *  who  showed 
that  water-soluble  oils  (those  which  before  use  are  diluted  with 
water)  are  not  desirable.  Of  the  oils  insoluble  in  water,  the  less 
viscous  pure  mineral  oils  are  the  best.  Among  the  insoluble  oils 
examined  were  found  pure  mineral  oils  with  color  and  perfumes 
added,  and  mixtures  of  mineral  oil  with  fatty  oils  (linseed,  colza 
oil,  lanolin)  containing  also  color,  perfumes  and  disinfectants.  The 
addition  of  perfumes  is  not  desirable,  addition  of  nitrobenzol 
is  dangerous;  the  addition  of  fatty  oil  leads  to  stickiness  and 
dirty  floors. 

For  oiling  wood  and  linoleum  floors  pure  mineral  oil  should  be 
used  to  prevent  rancidity,  and  to  avoid  slipperiness  an  oil  of  vis- 
cosity 30-40  at  20°  is  advisable.  The  oil  should  not  get  sticky 
after  several  weeks.  To  determine  this  1  c.c.  of  oil  is  spread  over  a 
glass  dish  and  exposed  to  the  air  and  light  for  4  weeks;  at  the  end 
of  this  period  it  should  be  easily  removed  without  leaving  a  tough 
film  clinging  to  the  bottom  of  the  dish. 

J.  Lubricating  Oils 

I.  General 

The  source  of  lubricating  oil  is  petroleum  from  which  the  lighter 
components  (naphtha  and  kerosene)  have  been  removed  by  dis- 
tillation; the  residue  thus  obtained  may  be  used  directly  as  a 
lubricant  or  separated  by  distillation  into  various  fractions.  By 
removing  some  of  the  fractions  as  well  as  by  mixing  others  a 
variety  of  products  may  be  obtained  with  special  properties  (vis- 
cosity, flash  point  and  specific  gravity).  This  is  the  principle  on 
which  the  industry  is  based.  The  separate  fractions  are  further 
refined  to  remove  odor,  resinous  materials,  etc.,  as  well  as  to  attain 
the  desired  lightness  of  color.  This  is  accomplished  by  means  of 
sulphuric  acid,  agitating  with  a  stream  of  air,  the  acid  being  later 
removed  by  washing  with  alkali  or  water;  the  purification  may  also 

*  Arbeiten  aus  dem  Kaiserlichen  Gesundheitsamt,  30,  Heft  1  (1909). 
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be  brought  about  by  filtration  through  fuller's  earth  (customary 
in  the  United  States). 

In  Europe  the  oil  is  distilled  with  superheated  steam,  recently 
also  with  partial  vacuum,  direct  firing  being  avoided,  to  avoid 
decomposition.  The  temperature  of  the  superheated  steam  is 
kept  somewhat  higher  than  that  of  the  still.  Commercially  the 
distillates  are  cooled,  somewhat  as  shown  in  Fig.  7,  page  25,  and 
separated  according  to  specific  gravity,  flash  point  and  viscosity. 

In  the  United  States  direct  firing  is  much  used  in  separating  the 
crude  oil  fractions,  thus  increasing  the  yield  of  illuminating  oils. 
The  refining,  however,  is  carried  on  with  superheated  steam. 

II.  Lubrication 

A  lubricant  should  prevent  direct  contact  between  the  bearings 
and  the  moving  parts  of  machinery,  avoiding  friction  and  wear, 
thus  substituting  for  metallic  friction  the  much  smaller  internal 
friction  of  the  lubricant.  The  more  completely  this  problem  is 
solved  under  the  conditions  of  temperature,  speed  and  pressure, 
the  more  valuable  the  lubricant  from  a  mechanical  point  of  view. 
Whether  the  mechanically  most  efficient  lubricant  is  the  most 
economical  depends  somewhat  on  the  ratio  of  efficiency,  the  amount 
used  and  the  price  of  the  material.  Greases  (consistent  fats)  have 
a  low  mechanical  efficiency  compared  with  the  liquid  oils  (see  page 
93)  but  from  the  point  of  economy  and  cleanliness  they  are  far 
superior. 

Only  liquids  with  great  tendency  to  adhere  *  are  suited  for 
lubrication  since  only  these  have  the  property  to  penetrate  by 
capillarity  where  journal  and  bearing  are  the  closest  and  where 
the  danger  of  contact  and  wear  is  the  greatest.  The  lubricating 
oils  prevent  direct  contact  of  the  metal  surfaces  because  of  their 
adhesion  to  these  surfaces  and  because  their  viscosity  keeps  them 
from  being  squeezed  out  by  the  pressure  on  the  bearing. 

The  oil  should  not  lose  its  power  of  reducing  friction  by  evapora- 
tion, gumming  or  by  acting  chemically  on  the  metal  of  the  bearing 
or  journal.  The  great  power  of  adhesion  which  animal  and  vege- 
table fats  and  waxes  show  towards  metal  surfaces  is  well  known. 
Bone  oil,  sperm  oil  and  olive  oil  in  thin  layers  show  only  slight 
changes  in  their  properties,  while  rape  oil  under  the  same  conditions 
becomes  gummy.    In  making  an  examination  of  a  fatty  oil  it  is 

*  Ubbelohde,  Petrol,  7,  773,  882,  938  (1912)., 
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in  general  (exceptions  will  be  taken  up  later)  only  necessary  to 
determine  its  purity;  this  means  to  determine  if  there  are  present 
less  valuable  oils,  like  drying  and  semi-drying  oils,  mineral  oils, 
rosin  oils,  etc.,  or  non-fatty  materials  such  as  water,  mechanical 
impurities,  dissolved  rosin,  free  mineral  acids,  etc.  With  mineral 
oils  the  case  is  not  so  simple. 

According  to  Ubbelohde  and  contrary  to  earlier  assumptions, 
the  external  friction  (the  friction  between  the  liquid  and  the 
bearing)  can  be  neglected.  Only  the  internal  friction  is  of  impor- 
tance in  lubrication.  Although  the  viscosity  of  the  fatty  oils 
varies  only  within  narrow  limits,  the  mineral  oils  from  which  most 
of  the  lubricating  oils  are  nowadays  made  show  degrees  of  viscosity 
from  spindle  oils  as  mobile  as  kerosene  to  dense  heavy  cylinder  oils. 
The  peculiar  composition  (mixtures  of  high  boiling  hydrocarbons) 
of  the  mineral  lubricating  oils  determines  two  unchangeable  prop- 
erties of  such  oils:  a  slight  volatility  (with  corresponding  constancy 
of  volume  and  slight  fire-risk)  and  a  certain  viscosity  (which  the 
lighter  petroleum  distillates,  naphtha,  kerosene,  etc.,  do  not 
possess)  which  allows  the  formation  of  a  layer  between  the  metal 
surfaces  to  which  it  clings  tenaciously.  The  use  of  mineral  oils 
as  lubricants  makes  it  necessary  to  study  the  relation  between 
viscosity  and  lubricating  power.  Experience  has  shown  that  the 
power  to  adhere  to  metals  increases  with  the  viscosity  of  the  oil. 
Since  the  danger  that  an  oil  will  be  pressed  out  increases  with  the 
pressure  on  the  bearings,  it  is  advisable  for  high  pressures  to  use 
oils  of  considerable  viscosity. 

According  to  Petroff  *  the  total  f  rictional  resistance  of  lubricated 
surfaces  is  proportional  to  the  internal  friction  of  the  oil  and  to  the 
speed  of  the  moving  parts  but  inversely  proportional  to  the  pres- 
sure. With  low  pressure  and  high  speed  there  should  be  used  a 
very  mobile  oil,  with  higher  pressure  and  great  velocity  more 
viscous  oils,  etc.  If,  for  example,  a  spindle  rotating  with  practi- 
cally no  pressure  but  very  rapidly  were  lubricated  with  a  very 
viscous  oil,  it  would  mean  a  lavish  waste  of  power. 

Besides  the  pressure  and  velocity  factors,  the  temperature  must 
be  carefully  considered  in  the  selection  of  a  mineral  oil  of  proper 
viscosity.  As  a  result  of  the  friction  heat  develops  and  warms  the 
bearings  and  oil;  in  steam  and  compressor  cylinders  very  high 
temperatures  occur.    On  the  other  hand,  the  changes  in  the  weather 

*  Theorie  der  Reibung,  Hamburg  and  Leipzig,  1887. 
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may  cool  the  lubricant  and  bearings  of  railway  rolling  stock  to  as 
much  as  twenty  degrees  below  zero;  in  refrigerating  machinery, 
parts  of  the  machinery  may  be  cooled  even  lower.  If  oils,  like 
rape,  or  mineral  oils  containing  much  paraffin,  were  used  for  such 
service,  they  would  solidify  and  cause  an  enormous  loss  of  power 
when  the  machinery  was  started.  Experience  has-  shown  this  to 
be  the  case;  in  severe  winter  weather  much  difficulty  was  expe- 
rienced through  the  freezing  of  mineral  oils  used  for  lubrication 
and  as  a  consequence  the  railway  specifications  call  for  oils  still 
liquid  at  —15°  and  —20°  (see  page  127).  For  refrigerating  ma- 
chinery (cooled  to  —20°)  very  mobile  mineral  oils  free  from  par- 
affin (so-called  compressor  oils)  are  used. 

Another  difficulty  with  oils  which  solidify  too  easily  is  that  they 
are  not  easily  poured  from  barrels  in  winter.  The  cause  of  solidi- 
fication is  generally  paraffin;  but  since  the  paraffin  can  now  be 
removed  even  from  the  heavy  machinery  oils,  this  difficulty  is  much 
lessened. 

A  further  requirement  of  all  lubricating  oils  is  slight  volatility 
at  the  temperatures  attained  in  service;  like  all  liquids,  lubricating 
oils  are  volatile  much  below  their  boiling  point.  Fatty  oils  vola- 
tilize with  decomposition  only  on  strong  heating  (to  250-300°). 
With  mineral  oils,  by  evaporation  of  the  more  volatile  components, 
the  consistency  changes,  and  with  hot  bearings,  the  volume  may 
decidedly  decrease.  The  air  in  the  work  rooms  is  also  contami- 
nated by  the  too  great  volatility.  Moreover,  because  of  the  fire- 
risk,  only  non-volatile  oils  with  a  high  flash  point  should  be  used. 
Steam  cylinder  oils  must  be  particularly  non-volatile  because  of 
the  high  temperature  of  the  superheated  steam  (180-300°),  the 
highest  boiling  fractions  of  petroleum,  vaseline-like  products, 
being  used  for  this  purpose;  with  cylinder  oils  having  a  flash  point 
higher  than  200°,  less  than  0.2  per  cent  evaporates  on  heating  two 
hours  at  200°. 

Obviously,  the  use  made  of  the  oil  determines  the  properties 
specified  since  no  one  lubricating  oil  is  applicable  to  all  cases. 
Various  companies  (railroad,  steamship,  etc.)  have  accordingly 
issued  specifications  for  oils  suitable  for  their  purposes  (page  174 
and  following). 

Besides  the  above-mentioned  physical  requirements,  the  oils 
must  be  examined  for  foreign,  harmful  and  less  valuable  materials 
(water,  alkali,  acid,  mechanical  impurities)  and  for  additions  of 
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other  oils.    Rosin  oils,  drying  fatty  oils,  creosote  containing  tar 
oils,  etc.,  are  considered  harmful. 

The  fatty  oils  generally  used  are  raw  and  refined  rape  oil,  mus- 
tard oil,  olive  oil,  castor  oil  (for  flying  machines),  neat's-foot  oil, 
bone  oil,  sperm  oil,  tallow,  palm  oil,  wool  fat  and  fish  oils.  Raw 
rape  oil  mixed  with  dark  mineral  oils  is  now  little  used  in  the  lubri- 
cation of  locomotive  cylinders;  in  place  of  these  mixtures,  there  is 
now  used  almost  pure  mineral  oil  containing  very  little  tallow  or 
bone  oil.  Olive  and  castor  oils  are  much  used  on  Italian  steamers, 
large  quantities  of  castor  oil  being  available.  Wool  fat  is  generally 
used  mixed  with  mineral  oil. 

In  isolated  cases  fatty  oils  are  also  tested  for  viscosity  and  cold 
test.  Bone  oil,  neat's-foot  oil,  sperm  oil  and  similar  oils  used  for 
lubrication  of  finer  machinery  are  obtained  in  different  degrees  of 
fluidity  by  cold  pressing  and  the  cold  test  is  applied  to  these  to 
determine  their  availability  for  certain  work.  From  rape  oils  and 
cottonseed  oils  are  prepared  viscous  products  either  by  blowing  in 
air  or  by  dissolving  in  them  soaps  made  from  blown  oils;  the  vis- 
cosity of  these  must  be  determined.  Under  certain  circumstances 
the  inflammability  of  fatty  oils  is  to  be  determined. 

Mixtures  of  fatty  oils  and  mineral  oils  are  used  to  a  large  extent, 
since  in  these  the  tendency  of  the  fatty  oils  to  form  acids  is  almost 
entirely  repressed  while  the  slipperiness  of  the  mineral  oils  is  in- 
creased by  the  added  fat.  About  20-30  per  cent  of  very  thick 
blown  rape  oil  is  mixed  with  mineral  machine  oil  to  form  a  lubri- 
cant for  the  cold  parts  of  large  marine  engines.  Additions  of  from 
2  to  12  per  cent  of  neat's-foot  and  bone  oils  as  well  as  tallow  and 
tallow  oil  to  mineral  oils  are  considered  beneficial,  since  the  vola- 
tility decreases  and  the  lubricating  power  is  increased. 

For  reasons  of  economy  and  of  cleanliness,  as  well  as  for  certain 
uses  for  which  oils  are  not  applicable,  consistent  fats  or  greases  are 
used.  Since  they  have  considerable  internal  friction  they  have 
failed  in  cases  where  the  power  was  inadequate;  the  use  of  greases 
instead  of  oil  will  tend  to  increase  the  friction  load.  Greases  find 
application  with  heavily  loaded  bearings,  especially  when  exposed 
to  a  temperature  as  high  as  that  of  the  rolls  in  steel  rolling  mills. 
They  must  be  well  mixed  and  should  not  melt  under  70-80°; 
some  melt  as  high  as  200°  and  contain  besides  mineral  oil,  sodium 
soaps,  fatty  acids  from  tallow,  etc.  Mixtures  of  wool  fat,  tallow, 
alkali  soaps,  etc.,  with  mineral  oils  are  found  on  the  market,  also 
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mixtures  with  graphite,  used  for  cog-wheels  and  for  bicycle  chain 
lubrication.  Components  which  are  not  fatty  or  soapy  should 
not  be  present.  On  standing  or  in  use  they  should  not  separate 
into  layers  and  should  not  undergo  oxidation  in  service,  nor  evapo- 
rate. The  value  of  a  consistent  fat  or  grease  depends  on  the 
quality  of  the  added  oil,  the  proportions  of  oil,  soap  and  water, 
and  the  absence  of  loading  materials  (talc,  barytes,  starch,  etc.). 
Wagon  grease  may  contain  besides  the  oil,  soap  and  water,  less 
valuable  materials  such  as  rosin  oil,  brown-coal  tar  oils,  loading 
materials  and  often  the  more  viscous  of  the  residues  obtained  in 
mineral  oil  distillation. 

This  does  not  exhaust  the  list  of  lubricating  materials.  In  the 
preparation  of  liquid  oxygen  an  aqueous  solution  of  glycerine  is 
used,  since  oils  in  contact  with  the  compressed  oxygen  would  be 
instantly  burned,  probably  explosively.  In  preparing  liquid  chlo- 
rine, since  the  chlorine  attacks  organic  lubricants,  concentrated 
sulphuric  acid  is  used  as  the  lubricant.  In  refrigerating  machinery 
using  sulphur  dioxide,  liquid  sulphur  dioxide  itself  is  used  as  the 
lubricant.  Glycerine  lubrication  has  been  found  satisfactory  in 
compression  machinery  for  carbon  dioxide.  In  liquid  air  ma- 
chines, very  low  boiling  naphthas  are  used. 

Finally  in  the  lubrication  of  boring,  cutting  and  shaping  ma- 
chines, liquids  are  used  primarily  for  cooling  the  metal  surfaces; 
these  are  not  lubricants  in  the  ordinary  sense.  Ordinary  water 
cannot  be  used  since  it  rusts  the  surfaces  exposed.  Formerly 
soapy  water  was  used;  in  the  last  ten  years  a  so-called  water- 
soluble  vaseline  oil  has  been  tried.  The  vaseline  oil  is  partly  dis- 
solved and  partly  suspended  and  rusting  is  not  so  extreme  when 
it  is  used.  The  testing  of  such  oils  includes  a  determination  of 
their  ability  to  be  emulsified,  their  ability  to  prevent  rusting  of  the 
iron,  the  permanency  of  the  emulsions  formed  and  the  composition 
of  the  oils.  With  very  careful  metal  work,  in  which  the  slightest 
rusting  is  to  be  avoided,  pure  oil  (not  emulsified  by  water)  is  used. 

Besides  the  liquid  friction  of  lubricated  surfaces  there  must  be 
considered  the  dry  friction  resulting  from  small  velocity  of  moving 
parts  or  from  great  pressure  which  causes  the  bearing  and  journal 
to  touch.  In  general  this  may  be  said  to  be  about  6  per  cent  of  the 
liquid  friction,  but  under  special  circumstances  it  may  become  as 
much  as  500  times  as  great.  Although  this  difficulty  cannot  be 
entirely  avoided  by  the  use  of  graphite,  it  can  be  greatly  reduced. 
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Graphite  has  the  property  of  penetrating  the  finest  pores  of  the 
bearing  and  of  substituting  for  the  unevenness  of  the  surface  of 
the  metal  a  smooth  surface  of  graphite.  Lubrication  with  graphite 
alone  is  out  of  the  question  because  of  the  difficulty  of  getting  the 
graphite  to  the  surfaces  to  be  lubricated.  A  mixture  of  oil  and 
graphite  would  combine  the  advantages  of  liquid  friction  with  a 
decrease  in  the  solid  friction. 

Recently  there  has  been  recommended  as  an  addition  to  lubri- 
cants Acheson  graphite;  this  is  free  from  inorganic  materials  and 
is  prepared  (in  an  electric  furnace)  from  anthracite  coal  and  sand. 
The  Acheson  graphite  by  treatment  with  tannin  and  a  trace  of 
ammonia  is  suspended  in  water  in  the  form  of  aquadag;  *  by  treat- 
ment of  aquadag  with  oil,  the  graphite  is  passed  into  the  oil  in 
which  it  also  remains  finely  suspended,  giving  what  is  known  as 
oildag.  The  subdivision  of  the  graphite  is  so  fine  that  if  £  per 
cent  of  oildag  is  added  to  a  lubricating  oil  the  mixture  will  pass 
through  wicks  without  a  separation  taking  place.  Aquadag  is 
used  in  the  form  of  an  aqueous  emulsion  as  a  cooling  material  for 
shaping  and  similar  machines;  oildag  is  added  to  lubricants  of  all 
sorts.  With  a  pressure  of  8.7  kilograms  per  square  centimeter 
and  with  500  revolutions  per  minute,  C.  H.  Benjamin  found  that 
the  addition  of  £  per  cent  of  graphite  changed  the  frictional  re- 
sistance to  60  per  cent,  after  one  hour  to  50  per  cent,  of  what  it 
was  with  oil  alone.  Oildag  is  said  to  behave  well  in  the  cylinders 
of  steam  engines.  The  advantages  of  using  both  oildag  and  oil 
are  the  decrease  in  the  amount  of  oil  used  and  the  protection  of  the 
bearing  and  machinery  parts;  the  safety  of  operation  is  also  in- 
creased. If  a  bearing  runs  hot,  the  use  of  oildag  will  quickly 
reduce  the  temperature  and  prevent  disturbance  in  operation.! 

III.  Lubricating  Devices 

The  great  variety  in  the  form  and  use  of  machinery  brings  with 
it  a  multiplicity  of  lubricating  devices,{  the  object  of  which  is  to 
lead  the  lubricant  to  the  bearing  surface  in  a  manner  which  is 
automatic,  economical  and  able  to  keep  the  oil  free  from  dust. 
There  are  different  types  of  oil-feeders:  those  which  supply  oil 

*  Dag  stands  for  deflocculated  Acheson  graphite, 
t  Petrol.,  8,  678-684  (1913). 

%  Rudeloff,  Ver.  d.  Ing.,  3d,  1047;  L.  Singer,  Ueber  die  Schmierung  von 
Maschinenteilen,  Petrol,  7, 1307  (1912). 
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continuously,  those  which  act  only  when  the  movable  part  is  in 
motion  and  those  which  function  with  the  assistance  of  pumps. 
To  the  first  group  belong  the  many  forms  of  wick,  dropping  and 
needle  oilers  which  are  placed  over  the  shafting;  these  also  supply 
more  oil  during  movement  because  of  suction.  The  second  class 
includes  the  pad,  spiral  and  ring  lubricators  in  which  the  oil  reser- 
voir is  beneath  the  journal.  The  third  form  is  used  in  steam- 
cylinder  lubrication  as  well  as  with  turbines,  recently  also  in 
machine  shops.  For  details  on  the  construction  see  the  machinery 
handbooks. 

Physical  Tests 
IV.  External  Appearance 

The  color,  degree  of  transparency,  odor  and  consistency  give 
the  skilled  observer  valuable  hints  for  estimating  the  worth  of  a 
lubricant  and  for  choosing  the  best  method  of  investigating  it. 
The  color  is  observed  in  a  test  tube  15  mm.  wide.  The  odor  is 
determined  by  rubbing  on  the  hand,  by  means  of  which  fatty  oils, 
coal  tar,  rosin  oils  and  perfumes  may  be  detected. 

(a)  The  color  has  no  influence  on  the  lubricating  power;  it  is 
used  only  in  identifying  the  sample.  The  color  may  range  from 
water  white  to  yellow,  yellow  red,  blood  red.  Unless  treated  with 
substances  like  nitro-naphthalene,  American  oils  fluoresce  with  a 
grass  green  color,  Russian  with  a  blue  sheen,  which  is  particularly 
evident  when  a  drop  is  placed  on  a  sheet  of  black  glazed  paper. 
Oils  containing  distillation  residues  or  not  filtered  through  fuller's 
earth  (such  as  some  railway  oils)  are  brown  to  green  black  in 
reflected  light.  Probably  all  machinery  oils  are  distilled  and,  there- 
fore, transparent  in  a  test  tube.  Easily  melted  solid  particles,  such 
as  paraffin,  ozokerite  and  resinous  materials,  can  be  seen  when  thin 
layers  of  cylinder  oils  are  taken;  they  are  added  to  increase  the 
density  of  certain  Russian  cylinder  oils.  Fine  clouds  in  light- 
colored  oils  are  often  due  to  water;  they  can  be  made  to  disappear 
by  heating  on  a  water  bath.  If  the  cloudiness  is  due  to  paraffin, 
it  will  disappear  on  heating  to  40°  and  will  reappear  on  cooling. 

(b)  Consistency.  The  following  are  the  different  degrees  as 
determined  by  external  appearance  (for  a  determination  of  vis- 
cosity see  page  104):  quite  mobile  like  kerosene,  small  viscosity 
like  spindle  oils,  medium  viscosity  like  light  machinery  oils,  quite 
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viscous  like  heavy  machinery  oils,  very  viscous  like  liquid  cylinder 
oils,  like  salve  (thin  or  thick)  like  lard,  like  butter,  like  tallow. 

With  steam-cylinder  oils,  movements  and  temperature  changes 
before  testing  often  cause  a  decided  change  in  the  viscosity.  To 
get  an  accurate  determination  of  consistency,  the  oils  are  put  in  a 
15  mm.  test  tube,  heated  10  minutes  in  boiling  water  and  then 
kept  one  hour  without  movement  in  a  water  bath  at  20°.  The 
consistency  is  then  tested  by  inclination  of  the  test  tube.  Oils 
containing  rubber  make  it  evident  by  their  peculiar  behavior;  they 
show  a  tendency  to  stringiness  on  dripping  from  a  glass  rod,  or 
between  the  fingers  (see  page  166).  The  addition  of  soaps  may 
cause  similar  phenomena;  if  after  decomposition  of  these  in  ether 
solution  with  hydrochloric  acid  the  stringiness  persists,  the  presence 
of  rubber  may  be  considered  probable. 

(c)  A  glue-like  odor  may  be  attributed  to  bone  or  neat's-foot  oil; 
the  odor  of  rape  oil  and  of  mustard  oil  is  also  very  characteristic. 
Rosin  oil  and  coal-tar  oils  can  also  be  detected  by  the  odor.  If, 
however,  nitrobenzol  is  added,  or  if  properly  treated  in  other  ways, 
these  odors  may  be  so  reduced  that  even  large  amounts  can  no 
longer  be  thus  detected. 

(d)  By  passing  the  oil  through  a  sieve  of  $  mm.  mesh,  gross 
impurities,  like  straw,  can  be  collected.  For  quantitative  deter- 
mination see  page  23. 

V.  Specific  Gravity 

(a)  The  specific  gravity  can  be  rapidly  determined  by  the  hydrometer 
method  which,  however,  is  not  very  accurate,  especially  with  the  more  viscous 
oils.  Standardized  hydrometers  can  be  obtained. 
The  hydrometer  is  allowed  to  slowly  sink  into  the  oil 
and  is  kept  in  a  level  position  for  15  minutes  before 
observing  the  temperature  and  taking  the  reading; 
if  the  oil  is  very  heavy,  the  reading  is  taken  at  the 
top  of  the  meniscus  (at  6),  Fig.  33,  and  a  correction  of 
0.0015  or  0.0010  added,  depending  on  whether  the 
diameter  of  the  paper  scale  of  the  spindle  is  smaller  or 
larger  than  16  mm.  The  values  are  recalculated  to  15° 
(in  some  cases  to  20°) ;  for  every  one  degree  difference 
in  the  temperature  a  correction  of  =fc  0.00068  is  made. 

Example: 

Observed  specific  gravity 

Correction  for  meniscus 

Temperature  correction  (0.00068) (2. 5) 


^ 


-b- 


c 


Fig.  33. 


0.9010  at  17.5° 

0.0010 

0.0017 

0.9037 
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According  to  Mendelejeff  the  following  corrections  for  high-boil- 
ing Russian  petroleum  products  are  to  be  applied:  * 


Specifio  eravity 

Correction  lot  1°  WmpSr- 

From  0.860-0-865 

0.000  700 

0865-0.870 

0.000  692 

0.870-0.875 

0.000  685 

0.875-0.880 

0.000  677- 

0.880-0-885 

0.000  670 

0.885-0.890 

0.000  660 

0.890-0.895 

0  000  650 

0.895-0.900 

0.000  640 

0.900-0.905 

0.000  630 

0.905-0.910 

0.000  620 

0.910-0.920 

0000  600 

(6)  If  only  small  amounts  of  material  are  available  and  an  accuracy  to  the 
third  decimal  place  is  sufficient,  there  can  be  used  the  small  hydrometers  f  (16 
cm.  long  and  3-3.5  cm.  wide)  which  can  be  obtained  for  the  range  oE  specific 
gravity  0.640-0.940.  These  are  not  provided  with  thermometers  in  their 
stems  so  that  the  temperature  of  the  oil  must  be  determined  separately. 

(c)  Pycknometer.  With  small  amounts  of  oil  and  with  very  thick  cylinder 
oils  and  for  more  exact  determinations  in  which  the  specific  gravity  is  to  be 
determined  to  the  fourth  decimal  place  with  an  error  of  not  more 
than  0.0004,  the  pycknometer  of  Gockel  is  used  (Fig.  34);  this 
contains  exactly  10  c.c.  at  15s.  These  pycknometers,  if  properly 
made,  save  much  calculation  since  the  specific  gravity  is  obtained  . 
by  division  of  the  absolute  weight  of  the  oil  filling  by  ten.  The 
weight  of  the  pycknometer  is  determined  filled  with  air  (subtract 
12  milligrams  for  the  air  contained).  Then  determine  the  weight 
filled  with  distilled  water  at  a  definite  temperature  (see  page  455), 
calculate  the  weight  at  4a  and  thus  determine  the  volume  of  the 
pycknometer.  For  determining  the  specific  gravity  of  the  oil, 
the  clean  dry  vessel  is  filled  and  kept  at  room  temperature  in  a 
water  bath  for  one-half  to  one  hour  till  the  temperature  is  con- 
stant, the  vertical  tube  being  kept  full  by  dropping  in  oil;  it  is  then 
taken  by  the  neck,  the  excess  of  oil  removed  from  the  capillary, 
the  glass  cap  put  on,  wiped  with  a  linen  cloth,  washed  with  benzol, 
dried,  weighed  and  the  specific  gravity  at  15°  calculated. 

Viscous  or  salve-like  oils  which  do  not  flow  easily  below  25" 

are  wanned  before  pouring  into  the  pycknometer  and  then  kept 

n  a  water  bath  at  22-25°  at  constant  temperature.     (To  deter- 

nine  the  specific  gravity  of  salve-like  bodies  see  page  316.) 

*  Springer,  Berlin,  publishes  tables  for  converting  specific  gravity  values  of 

American  petroleum  and  petroleum  products  obtained  with  hydrometers. 

t  To  be  obtained  from  "  Vereinigten  Berliner  Fabriken  für  Laboratoriums- 
bedarf." 


Fio.  34. 
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If  air  bubbles  form  on  filling,  they  are  allowed  to  collect  on  the  surface  and 
then  removed  by  bringing  the  end  of  a  glass  rod  near  them;,  if  in  viscous  oils 
the  air  bubbles  do  not  rise  easily,  the  oil  is  put  in  a  drying  oven  at  50°  and 
then,  after  removal  of  the  bubbles,  cooled  to  the  desired  temperature,  adding 
more  substance  if  necessary. 

TABLE  25 

Specific  Gravities  of  Various  Oils  at  15° 

Russian  kerosene 0.800-0.830 

American  kerosene 0.780-0.800 

Russian  paraffin  oils,  spindle  oils,  etc 0.850-0.900 

American  paraffin  oils,  spindle  oils,  etc 0.840-0.907 

Russian  machine  oils 0.900-^.915^ ' 

American  machine  oils  (Texas  up  to  0.940) 0.875-0.914 

Russian  cylinder  oils 0.909^0.932 

American  cylinder  oils 0.883-0.1895 

Heavy  rosin  oils  (with  much  rosin,  to  1.0) 0.973-0.982 

Coal-tar  oils 1.090-1.100 

Brown-coal  tar  oils 0.893-0.974 

Non-drying  vegetable  oils 0.913-0.925 

Semi-drying  oils 0.921-0.936 

Drying  vegetable  oils 0.923-0.943 

Neat's-foot  and  bone  oils 0.913-0.917 

Liquid  waxes  (for  example,  sperm  oil) 0.876-0.884 

Cod  liver  oil 0.922-0.931 

Whale  oil 0.919-0. 930 

Porpoise  oil 0.926-0.938 

Seal  oil 0.915-0.930 

With  very  small  amounts  of  oil  which  are  not  enough  to  fill  small  pycknom- 
eters,  the  pycknometer  can  still  be  used  if  it  is  filled  almost  up  to  the  neck 
with  water,  then  weighed,  then  filled  with  oil,  and  the  thermometer  so  intro- 
duced that  no  water  enters  the  neck  or  the  tube.  After  cleaning  it  is  again 
weighed.  Water  and  oil  are  kept  at  constant  temperature.  If  the  amount 
of  water  in  the  vessel  is  subtracted  from  the  water  value  of  the  pycknometer 
full,  the  volume  w  displaced  by  the  weight  of  oil  O  is  found.  Then  O/w  will 
give  the  specific  gravity  of  the  oil.  The  results  are  recalculated  to  15°.  The 
specific  gravity  of  asphalt  or  pitch  is  determined  in  a  similar  manner  (page  214) ; 
this  is  also  used  with  substances  contracting  on  solidification  (paraffin). 

With  coal-tar  oils,  petroleum  pitch,  etc.,  which  are  heavier  than  water,  a 
small  amount  of  the  material  is  poured  onto  the  bottom  of  the  vessel  (melting 
if  necessary),  weighed,  the  vessel  filled  with  water  and  then  again  weighed  on 
drying. 

(d)  The  Alcohol  Flotation  Method.  If  only  very  small 
amounts  of  oil  are  available  or  if  solid  fats,  such  as  tallow,  cetine, 
etc.,  are  to  be  tested  this  method  can  be  used. 
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Alcohol  solutions  of  different  specific  gravities  are  tried  to  see  in  which  the 
oil  or  melted  fat  sinks  and  rises.  In  this  way  the  limits  are  determined  within 
which  the  specific  gravity  lies.  To  the  solution  with  the  specific  gravity 
nearest  that  of  the  oil,  either  water  or  alcohol  is  added  with  stirring  until  the 
oil  drop  neither  rises  not  falls.  The  specific  gravity  of  the  alcohol  solution  is 
then  determined  by  one  of  the  customary  methods.  Air  bubbles  in  the  oil 
and  in  the  alcohol  are  to  be  avoided. 

(e)  High-temperature  Determination.  If  the  specific  gravity 
of  vaseline-like  or  even  more  solid  lubricants  is  to  be  determined 
at  high  temperatures  (say  100°)  the  Sprengel  pycknometer  (Fig. 
35)  or  the  Weetphal  balance  with  a  special  sinker  and  thermometer 
reading  to  105°  is  used.    (Fig.  36.) 

1.  The  Sprengel  Pycknometer.  (Fig.  35.)  This  is  filled  with  water  to 
the  mark  and  then  weighed  after  closing  with  two  glass  stoppers.  From  the 
weight  of  the  water  at  the  temperature  of  the  experiment  that  at  4°  can  be 
calculated.   The  dried  pycknometer  is  filled  by  sucking  the  melted  (at  through 


Fia.  35. 


Fia.  36. 


b  and  is  then  heated  in  a  water  bath  until  no  more  expansion  takes  place;  then 
so  much  is  removed  at  a  till  it  stands  in  6  exactly  at  the  mark  m,  the  glass  caps 
are  put  on  and  the  tube  is  cooled  and  weighed  after  cleaning  the  exterior. 

2.  Fig.  36  shows  how  the  specific  gravity  of  a  fat  heated  to  98-100°  in  a 
water  bath  in  a  (2  cm.  diameter)  test  tube  can  be  determined  by  the  Westphal- 
Mohr  balance.    The  balance  is  used  in  the  customary  manner. 

VI.  Coefficient  of  Expansion 

This  constant  is  required  for  the  recalculation  of  the  specific 
gravity  to  other  temperatures  and  for  calculating  the  expansion 
of  an  oil  during  transport.*    The  coefficient  of  expansion  is  that 

*  Holde,  Mitteilungen,  11,  45  (1803);  Singer,  Chem.  Rev.,  3,  289  (1890). 
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fraction  of  unit  volume  by  which  one  unit  volume  expands  on 
being  heated  1". 

(a)  The  coefficient  of  expansion  is  either  calculated  from  the 
specific  gravities  determined  in  the  pycknometer  at  different  tem- 
peratures (this  works  up  to  30°),  or  directly  determined  in  dilatom- 
eters.     In  the  first  case  it  is  calculated,  if  the  specific  gravities 
a  and  b  are  known  for  the  temperatures  t  and  U,  as  follows: 
a-b 
"     b(h-t)' 
The  following  method  of  Holde  allows  the  direct  determination 
for  temperatures  above  30°  and  allows  the  simultaneous  testing 
of  ten  oils  (Figs.  37-40). 

The  dilatometers  (Fig.  37)  have  a  capacity  of  about  30  CO.,  with  a  neck 
2  mm.  in  diameter  and  a  capacity  of  850  cubic  millimeters.  The  original 
volume  is  taken  in  a  large  water  bath 
(Fig.  38);  the  final  reading,  in  the  ar- 
rangement shown  in  Fig.  39.  The  tem- 
perature in  this  latter  arrangement  can 
be  kept  constant  by  using  various  vola- 
tile substances  as  the  liquid  in  A  (see 
page  458).  As  many  as  ten  dUatom- 
eters can  be  hung  in  B  together  with 
a  standardized  thermometer  graduated 
to  rV.  Tne  dilatometers  are  filled  by 
means  of  a  copper  or  brass  capillary  __ 
(Fig.  40)  and  are  emptied  in  a  similar  pio.  37. 
manner  by  blowing  in  air.  Air  bubbles 
in  the  oil  clinging  to  the  neck  when  the  capillary 
is  withdrawn  can  be  removed  by  repeated  gen- 
tle suction  with  the  capillary.  The  tubes  are 
cleaned  with  ether;  the  ether  is  blown  out  with 
air.  The  neck  must  be  calibrated  before  use 
by  weighing  either  mercury  or  water  or  by 
measuring  the  length  of  a  thread  of  mercury.* 
Correction  tables  must  be  prepared  for  each  tube. 
The  volume  up  to  the  zero  mark  is  determined  by 
pj0    gg  weighing  either  water  or  oil,  the  weights  being 

reduced  to  vacuum. 

(6)  The  calculation  is  made  by  means  of  the  formula 
Vi-V 
a-(tl-t)V  +  C' 
*  Calibrated  tubes  can  be  obtained  from  Dr.  Gockel,  Berlin,  Luisenstrasse 
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where  V  is  the  original  volume  at  the  temperature  t,  V\  is  the 
volume  at  the  higher  temperature  h  and  c  the  coefficient  of  expan- 
sion of  the  glass  (0.000025)  which  can  be  determined  from  the 

apparent  expansion  of  the  mer- 
cury in  the  vessels. 

(c)  The  values  for  a  for  heavy 
viscous  mineral  machine  oils 
(sp.  gr.  at  least  0.908)  between 
20°  and  78°  range  from  0.00070 
to  0.00072.  With  oils  contain- 
ing suspended  solid  vaseline  or 
pitch  particles  the  value  of  a 
between  12°  and  20°  is  some- 
what higher  than  for  homoge- 
neous oils  (0.00075  to  0.00081) 
because  of  the  melting  of  the 
solid  particles. 

With  mobile  oils  (used  for 
oiling  easy  running  parts,  spin- 
dles, small  dynamos,  etc.),  with 
specific  gravity  less  than  0.905 
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Fio.  39. 

the  value  of  a  is  greater  than  with  the  heavy 
machine  oils  (0.00072  to  0.00076  between  20° 
and  78°). 

With  homogeneous  liquid  mineral  oils  a 
increases  with  the  temperature  similar  to  Fig.  40. 

the  behavior  of  all  homogeneous  liquids; 
with  oils  containing  suspended  solid  particles  it  first  decreases  till 
all  solid  is  melted,  then  it  increases.    Paraffin  on  melting  expands 
more  than  the  liquid,  therefore  the  specific  gravity  and  the  fluidity 
of  the  solutions  of  paraffin  in  other  oils  are  lower  than  for  the  origi- 
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nal  oil.  Dissolving  1-1.5  per  cent  of  paraffin  in  a  paraffin-free 
Russian  oil  lowers  the  fluidity  10-15  per  cent,  the  specific  gravity 
from  0.0001  to  0.003. 

The  value  of  a  is  different  with  oils  of  different  source  but  of  the 
same  viscosity,  corresponding  to  the  difference  in  their  chemical 
composition.  The  change  of  a  mentioned  allows  the  easy  recog- 
nition of  paraffin  and  pitch  particles. 

In  Fig.  41  are  given  graphs  of  the  change  of  the  coefficient  of 
expansion  with  the  temperature  of  various  typical  mineral  machine 
oils;  in  Tables  26  and  27  are  given  the  coefficients  of  expansion  of 
American  cylinder  and  machine  oils,  together  with  other  properties. 


TABLE  26 
American  Cylinder  Oils 


Engler 

Solidification 

Flash 

(<*)  (10») 

Specific 

viscosity  at 

point  in  test  tube 

point, 

between  °C. 

Color 

gravity 
at  15° 

Pensky- 
Mar- 

X  10,000 

100° 

180° 

•c. 

Consist- 
ency 

tens, 
°C. 

20-36 

35-61 

61-78 

Dark         ) 

( 

thick, 

) 

green,    > 

8946 

2.97 

1.32 

+25] 

salve- 

>232 

869 

755 

730 

opaque  ) 

( 

like 

) 

Green       ) 

black,    > 

9078 

3.90 

1.40 

•  •  »  ■ 

270 

896 

734 

709 

opaque  ) 

Dark         ) 
green,    5 
opaque  ) 

( 

thick, 

j           • 

9028 

3.91 

1.36 

°] 

salve- 

>267 

829 

788 

710 

( 

like 

) 

f 

thin, 

) 

The  same . . 

9030 

3.91 

•  •  •  • 

•I 

salve- 
like 

>270 

846 

712 

696 

Dark        ) 

green,    > 

9029 

4.27 

1.40 

•  •  •  • 

269 

806 

700 

710 

opaque  ) 

Brown      ) 

• 

black,    { 

9166 

6.00 

1.51 

•  •  •  • 

278 

781 

702 

683 

opaque  ) 

Black,       I 
opaque  \ 

9165 

6.40 

1.53 

■  »  •  « 

293 

670 

711 

694 
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TABLE  27 
American  Machinert  Oils 


Color 

Specific 

gravity 

at  15° 

X  10,000 

Engler 
viscosity  at 

Flash 

point, 

Pensky- 

Martens, 

°C. 

(«)  (10») 
between  °C. 

20* 

50° 

20-35 

36-61 

61-78 

Greenish  yellow,  ) 
clear                     ) 

Green,  brown  red,  I 
clear                     f 

Green,  brown  red,  l 
translucent           J 

8994 
8932 
8834 

9.5 
19.2 
25.1 

2.70 
4.35 
5.50 

201 
197 
186 

726 
741 
726 

732 
733 
738 

740 
736 
757 

Noteworthy  is  the  constant  decrease  in  a  for  cylinder  oils  on 
heating  from  20°  to  80°,  while  with  all  homogeneous  machine  oils 
an  increase  of  a  takes  place  on  heating.  One  can  therefore  con- 
clude that  cylinder  oils  contain  vaseline  and  pitch  particles  which 
are  gradually  being  melted  on  heating,  with  an  accompanying 
increase  in  volume. 

(d)  The  correction  for  the  change  of  specific  gravity  from  a  given 
temperature  to  a  higher  or  lower  one  is  in  general  (a)  (sp.  gr.); 
for  liquid  mineral  lubricating  oils  for  each  degree  this  is  0.00063 
to  0.00072  or  about  0.00068  on  the  average. 

In  determining  the  specific  gravity  of  a  substance  in  a  pyck- 
nometer  above  30°  the  expansion  of  the  vessel  must  be  considered. 

The  correction*  for  the  specific  gravity  of  vaseline-like  very 
viscous  cylinder  oils  for  which  a  lies  between  0.000777  and  0.000876 
is  to  be  taken  as  0.00075  on  the  average.  In  some  cases  lower 
values  were  found.  For  Rumanian  crude  oil  residues,  according 
to  Singer,  a  lies  between  0.00073  and  0.00079. 


VII.  Viscosity 

On  the  continent  the  viscosity  of  oils  is  almost  always  deter- 
mined by  means  of  the  fingier  viscosimeter,  the  advantage  of 
which  lies  in  its  simplicity  and  ease  of  manipulation  (Figs.  42-46). 
As  was  also  the  case  with  the  earlier  viscosimeters  of  Vogel,  Cole- 
man, Fischer,  etc.,  the  Engler  apparatus  does  not  allow  an  exact 

*  Mitteilungen  1895,  Erganzungsheft  V,  23. 
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determination  of  the  internal  friction  of  a  liquid  but  gives  only  a 
classification  of  oils  according  to  their  viscosity  by  comparing  the 
rate  of  outflow  under  definite  conditions  (same  initial  pressure  and 
same  temperature)  with  the  rate  of  outflow  of  water. 

(a)  Description  of  the  Engler  Viscosimeter.  At  present  three 
forms  of  fingier  apparatus  are  in  use  (Figs.  43,  44,  45);  they  differ 
only  in  the  particular  means  of  heating  for  certain  cases.  Differ- 
ences in  the  dimensions  or  form  of  it  are  not  allowable.  These 
have  been  exactly  determined  and  established  by  the  various 
bureaus  of  standards  and  the  conditions  and  methods  of  use  should 
not  be  changed.* 

1.  Dimensions  (Fig.  42). 

(a)  For  the  gilded  vessel  Q. 

Width  (inside  diameter) 106  mm.  ±1.0  mm. 

Height  of  the  cylindrical  part  below  the  marks  m . . .  25  mm.  ±1.0  mm. 

Height  of  the  marks  m  above  the  lower  end  of  the  jet  52  mm.  db  0 . 5  mm. 

(6)  For  the  platinum  jet  A. 

Length  of  jet 20  mm.  =fc  0.1  mm. 

Inside  diameter  of  jet,  upper  end 2.9  mm.  =fc  0.02  mm. 

Inside  diameter  of  jet,  lower  end 2.8  mm.  ±  0.02  mm. 

Length  of  jet  projecting  from  the  lower  part  of  the 

outer  vessel 3.0  mm.  =fc  0.3  mm. 

Width 4.5  mm.  db0.2mm. 

The  jet  may  be  made  of  platinum  or  lined  with  a  sufficiently  thick  layer  of 
platinum  but  the  interior  must  be  smooth  and  not  wavy. 

2.  Determination  of  the  Time  of  Out- 
flow of  the  Water.    The  vessel  is  first 
washed  with  ethyl  ether  or  petroleum 
ether,  then  repeatedly  with  alcohol  and 
finally  with  distilled  water  (Fig.  43). 
The  apparatus  is  then  set  horizontal. 
The  wooden  plug  which  is  used  only  for 
water  and  should  not  have  touched  oil 
is  inserted.    The  measuring  flask,  filled 
nearly  to  the  top  with  water  at  20°,  is 
emptied  into  the  inner  vessel,  thus  cov- 
ering the  marks  m.    By  means  of  the  outer  bath  the  water  is  kept  at  20°. 
By  cautious  manipulation  of  the  plug  the  jet  is  entirely  filled  with  water  and 
the  bottom  is  wet  so  that  a  drop  remains  hanging  and  covers  the  entire  surface. 
To  bring  the  height  of  the  water  to  that  of  the  levelling  studs,  the  excess  is 

*  See  Vereinbarung  des  Physikalisch-Technischen  Reichsanstalt,  dem 
Königl.  Materialprüfungsamt  Berlin-Lichterfelde  und  der  Grosheraogl.  Bad. 
Prüfungs-und  Versuchsanstalt  Karlsruhe,  Chem.  Ztg.,  31,  441  (1907). 
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removed  with  a  pipette.    After  the  apparatus  has  been  thus  prepared  the  time 
(to  i  of  a  second)  necessary  to  fill  the  measuring  flask  up  to  the  200  c.c.  mark 
is  determined  (the  water  surface  beim;  perfectly  quiet).     The  experiment  is 
repeated  several  times;  when  three  tests  give  results  varying  not  more  than 
0.5  second,  and  the  values  have  Dot  decreased  systematically,  the  first  scries  may 
be  considered  completed.    The  apparatus  is  again  cleaned  and  the  tests  re- 
peated; if  these  results  agree  with  the  first  series,  further  tests  are  unnecessary, 
otherwise  they  must  be  continued  to  constancy.    From  the  six  values  of  the 
last  two  series,  the  mean  value  for  the  time  of  outflow  is  obtained  and  given 
to  0.2  second.     With  a  property  built  apparatus  the  time  of  outflow  should 
be  between  50  and  52  seconds. 
Exact  determinations  should  be 
made  in  a  room  of  approximately 
20".    The  thermometers  should 
be  standardized.*    The  Physika- 
lisch Technische  Reichsanstalt 
standardises    thermometers    in 
such  a  way  that  the  protruding 
stem  is  considered  and  the  cor- 
rected reading  can  be  taken  at 
u"      once  from  the  thermometer.   The 
measuring  flasks  may  be  stand- 
ardised for  outflow,  t  being  al- 
lowed to  drain  one  minute;  or 
dry    flasks,    which    have    been 
standardised  for  content,  may  be 

3.   Determination  of  the  Time 
of  Outflow. 

(a)  With  toe  Simple  Engler 
Apparatus  with  Closed  Heating 
Bath  (Modification  of  Holde) 
(Figs.  43a  and  43b).  The  heat- 
ing bath  is  closed  and  with  tests 
up  to  100°  is  filled  with  glycerine 
solution,  the  temperature  of 
piQ_  43  which  is  regulated  by  stirring  at 

o,  by  running  in  ice  water  at  6  or 
by  heating  with  the  ring  burner.  For  tests  at  100°  the  glycerine  solution  is 
heated  to  boiling  (the  layer  of  this  solution  is  about  5.5  cm.  high). 

After  carefully  cleaning  the  apparatus  and  inserting  the  wooden  plug  the 
oil  is  put  in  exactly  up  to  the  mark  on  the  outflow  vessel;  at  higher  tempera- 
tures the  expansion  must  be  considered  and  the  exact  adjustment  should  not 
be  attempted  until  approximately  the  temperature  of  the  experiment  has  been 
reached.    Light^colored  oils  which  contain  mechanical  impurities  and  all  dark 

*  Zcntralbl.  f.  d.  deutsche  Reich.,  1698,  No.  6. 

t  Mitteilungen  d.  Kais.  Nonnalrich.-Komm.  2  Reihe.  Nr.  17  (1904). 
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oils  must  previously  have  been  passed  through  a  sieve  of  0.3  mm.  mesh,  viscous 
oils  being  first  gently  warmed.    Oils  containing  water  should  first  be  dried. 

Before  putting  in  the  oil  the  bath  filled  with  water  should  be  brought  to 
approximately  the  right  temperature.  The  air  stirrer  consists  of  a  glass  tube 
through  which  air  is  driven  into  the  bath  liquid  either  from  a  water  jet  pump 
or  by  pressing  a  rubber  bulb.  The  temperature  may  be  decreased  by  lifting 
the  cover.  For  work  at  100°  and  760  mm.  the  strength  of  the  glycerine  solu- 
tion should  be  about  10  per  cent,  at  750  mm.  about  20  per  cent  and  the  tem- 
perature should  be  kept  at  about  101° ;  for  still  higher  temperatures  some  liquid 
in  the  list  on  page  458  should  be  used. 

After  the  temperature  of  the  closed  vessel  has  become  constant,  the  meas- 
uring flask  is  placed  under  the  jet  and  the  plug  is  lifted.  The  temperature 
should  be  kept  constant  during  the  outflow.  The  time  of  outflow  of  100  c.c. 
and  of  200  c.c.  is  noted;  from  the  time  of  outflow  of  100  c.c.  the  time  of  outflow 
of  200  c.c.  can  be  checked  by  multiplying  by  2.35  (see  page  109). 

The  quotient  of  the  time  of  outflow  of  200  c.c.  of  oil  divided  by 
the  time  of  outflow  of  200  c.c.  of  water  at  20°  is  taken  as  a  measure 
of  the  viscosity  (the  so-called  Engler  degree). 


Bartmoo 

of  the 

Heating  Liqntt 


09)  With  the  Engler  Ap- 
paratus with  Open  Heating 
Bath  (Modification  of  Ub- 
belohde)  (Fig.  44).  The  ap- 
paratus is  somewhat  higher 
than  that  of  Holde  but  allows 
working  with  an  open  water 
bath  up  to  90°.  In  using  oil 
in  the  bath  for  temperatures 
over  100°,  an  unallowable 
overheating  of  the  jet  will 
occur. 

(?)  Quadruple  Apparatus 
(Modification  of  Martens). 
This  allows  the  simultaneous 
testing  of  four  oils;  four  En- 
gler apparatuses  are  placed  in 
the  water  bath  W  (Fig.  45). 
The  temperature  of  the  bath 
is  regulated  by  the  stirrer  T, 
run  by  the  turbine  RS,  and 
by  running  in  cold  water  from 
E  or  by  heating  with  the  Bun- 
sen  burner. 

For  determinations  at  100°  an  air  condenser  is  attached  to  the  bath  as  with 
the  Holde  modification,  the  glyperine  in  the  bath  being  kept  5.5  cm.  high. 
For  centering  the  measuring  flasks  circular  depressions  are  made  in  the  plate 
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underneath  the  apparatus.     The  outflow  of  the  oik  is  started  at  20-second 
intervals. 

For  temperatures  higher  than  100s  toluol  (111°),  xylol  (134°)  and  other 
high  boiling  liquid«  may  be  used  (see  page  45S). 

Machine  and  railway  car  oils  are  generally  tested  at  20°  and  50°, 
for  even  if  the  determination  of  the  viscosity  of  machine  oils  at  20° 
has  no  practical  significance,  since  the  temperature  of  the  bearing 
is  generally  45°  to  70°,  the  difference  in  the  viscosities  of  oils  is 
more  pronounced  at  20"  than  at  50°.  The  same  is  true  of  cylinder 
oils  at  50°  and  100°,  at  which  temperatures  the  differences  can  be 
seen  more  easily  than  at  the  temperature  of  use  (180-250°)  (see, 


however,  page  112).  The  results  of  observations  at  5  temperatures 
can  l>e  plotted  and  from  the  resulting  curve  the  time  of  efflux  at 
any  intervening  temperature  may  be  obtained. 
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4.  Shorter  Methods  (Holde) 

(a)  Determination  of  the  Time  of  Outflow  with  Smaller 
Volumes  but  with  the  Normal  Filling.  One  disadvantage  of  the 
Engler  apparatus,  namely  the  great  length  of  the  time  of  outflow 
(in  somecases  hours)  of  200  c.c.  of  oil,  can  be  overcome  by  getting 
the  time  of  outflow  of  smaller  volumes  and  from  this  calculating 
that  of  200  c.c.  There  is  a  definite  relation  between  these  quan- 
tities; the  time  of  outflow  of  100  c.c.  is  multiplied  by  2.35,  of 
50  c.c.  by  5,  of  20  c.c.  by  11.95,  in  order  to  obtain  the  time  of 
outflow  of  200  c.c*  Flasks  like  those  shown  in  Figs.  43  and  44 
are  used. 

(ß)  Determination  of  the  Outflow  of  Small  Volumes  with 
Smaller  Fillings.  Large  amounts  of  oil  are  not  always  avail- 
able. For  example  in  extracting  mineral  oil  from  mixtures  of 
fatty  and  mineral  oils  it  may  not  be  practicable  to  extract  more 
than  40-50  grams.  In  such  cases  the  shortened  procedure  may 
be  used  with,  say,  45  c.c.  The  oil  is  heated  to  20°,  put  into  the 
instrument  and  the  time  of  outflow  of  20  c.c.  is  taken  (using  the 
proper  measuring  vessels).  The  time  of  outflow  is  then  multiplied 
by  7.24  to  get  that  of  200  c.c.  Naturally  other  volumes  can  be 
taken  for  filling  and  for  outflow,  after  having  first  determined  by 
actual  experiment  and  comparison  tests  the  ratios  for  some  oil  at 
hand  in  quantity.  Such  determinations  were  first  carried  out  by 
Holde, f  later  by  others;  the  results  are  given  in  Table  28. 


TABLE  28 


Initial  filling. . . 
Amount  run  out 
Factor 


25 

45 

45 

50 

50 

60 

10 

20 

25 

20 

40 

50 

13 

7.25 

5.55 

7.3 

3.62 

2.79 

120 

100 

1.65 


If  very  little  oil  (10  c.c.)  is  available  then  the  time  of  outflow 
from  a  suitable  capillary  is  determined  (see  page  117);  the  time  of 
outflow  of  water  at  0°  should  be  known  and  the  specific  viscosity 
of  the  oil  calculated  for  0°  (internal  friction,  referred  to  water  as 

*  These  factors  change  somewhat  with  values  of  Engler  degrees  under  5; 
these  deviations  are  considered  in  the  tables  accompanying  the  Engler  viscosim- 
eter.  The  viscosity  can  be  directly  taken  from  the  tables  of  Ubbelohde 
(published  by  Hirzel,  Leipzig)  for  50, 100  and  200  c.c.  if  the  time  of  outflow  of 
water  is  50-52  seconds. 

t  Mitteilung.,  17, 63  (1899);  Gans,  Chem.  Rev.,  6,  218  (1899);  Offermann, 
Chem.  Rev.,  18,  272  (1911). 
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unity).  With  the  aid  of  the  formula  of  Ubbelohde  (see  page  119), 
which  gives  the  relation  between  the  specific  viscosity  and  the 
Engler  viscosity,  the  Engler  degree  can  be  calculated. 

5.  Engler  Degrees  of  Oil  Mixtures 

Since  viscosity  is  not  an  additive  property,  the  viscosity  of  a 
mixture  cannot  be  calculated  by  the  method  of  mixtures,  the 
observed  values  being  less  than  the  calculated.  From  experi- 
ments of  Sherman,  Gray  and  Hammerschlag  *  the  relation  be- 
tween viscosity  and  the  percentage  composition  of  a  mixture 
(viscosity  as  ordinates,  percentage  composition  as  absciss»)  may 
be  shown  by  hyperbolic  curves,  the  deviation  of  which  from  the 
straight  line  obtained  by  the  law  of  mixtures  is  larger  the  greater 
the  difference  in  viscosity  of  the  two  separate  oils.  In  mixing 
mineral  oils  with  fatty  oils  the  calculated  values  are  decidedly  less 
than  those  with  mixtures  of  pure  mineral  oils. 

The  problem  often  arises  of  how  to  get  a  mixture  of  definite 
viscosity  from  two  oils  of  known  viscosities.  To  avoid  empirical 
trial  F.  Schulz  f  has  experimentally  determined  the  constants  with 
the  aid  of  which  it'  is  possible  to  calculate  the  per  cent  of  each  of 
the  oils  necessary  for  the  mixture.  For  mixtures  of  5  to  50  per 
cent  of  the  more  viscous  oil  the  viscosity  sought  is 

G  =  (0.1600(F)  +  1.161  ^n^j^(v), 

and  for  mixtures  of  5  to  50  per  cent  of  the  less  viscous  oil 

(I  161tt  —  1) 
G  =  (1.161»)  (v)  +  0.166  yi ^  _  1i) fflO- 

Here  V  is  the  viscosity  of  the  more  viscous  and  v  that  of  the  less 
viscous  oil.    The  exponent  n#is  calculated  by  the  formula 

_  _  log  y  -  log  100 
n  "*         log  0.5 

where  p  is  the  volume  per  cent  of  one  of  the  components. 

From  the  equations  given  for  mixtures  of  from  5  to  95  per  cent 
of  the  more  viscous  oil  the  viscosity  in  Engler  degrees  can  be  cal- 
culated by  the  following  formulas: 

*  Jour.  Ind.  and  Eng.  Chem.,  1909,  12;  Zeit.  f.  angew.  Chem.,  22,  653 
(1909). 

t  Chem.  Rev.,  16,  297  (1909). 
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G5  =v 


Gio  =  v 


Gu  =  v 


G»  =  v 


G«  =  v 


G»  =  v 


G«  =  v 


G«,  =  v 


G«  =  v 


G»  =  v 


1.392  +  0.0004 


3 


G55  =  V 


1.388  +  0.0026 

1.382  +  0.007^1 

1.371  +  0.015^1 

1.354  +  0.028^1 

1.331  +  0.044^1 

V 


Gm  =  V 


1.300  +  0.066 


1.262  +  0.093 


] 
3 


1.217  +  0.126^1 
1.161  + 0.166 11 


G«  =  v 


G7o  =  v 


G„  =  v 


Gw  =  v 


G»  =  v 


G»  =  v 


G«  =  v 


1.187  +  0.193 


1.218  +  0.225 


3 
3 


1.254  +  0.262^1 
1.296  +  0.305^1 
1.348  +  0.359^1 


1.414  +  0.427 


1.505  +  0.521 


1} 
3 


1.642  +  0.662^1 


1.906  +  0.934 


3 


In  these  formulas  GB,  for  example,  means  the  Engler  degree  with 
5  per  cent  by  volume  of  the  more  viscous  oil.  The  Engler  values 
thus  calculated  agree  with  the  experimental  to  within  1  unit; 
only  when  the  mixtures  contain  less  than  10  per  cent  or  more  than 
90  per  cent  may  the  error  be  greater  than  15  units. 

(6)  Change  in  the  Viscosity.  Certain  dark  colored  oils  con- 
taining minute  solid  particles  of  paraffin  and  of  pitch,  because  of 
previous  fluctuations  of  temperature,  may  show  variations  of  15 
per  cent  in  the  viscosity  at  20°;  these  changes  are  probably  due  to 
the  melting  of  these  solid  particles  on  heating  and  not  crystallizing 
later,  or  may  be  caused  by  their  too  slow  melting  after  having  been 
cooled,  or  the  variable  viscosity  may  be  attributed  to  the  peculiar 
condition  of  the  substances  in  the  oil.  In  oils  which  in  thin  layers 
show  solid  particles,  the  possibility  of  a  variation  of  viscosity  must 
be  assumed  (7-8  per  cent  at  20°);  besides  making  a  test  with 
the  oil  in  the  regular  way,  tests  should  also  be  made  by  heating  one 
sample  to  100°  for  10  minutes  and  then  testing  at  20°,  another  by 
cooling  to  — 15°  and  then  testing  at  20°.    Only  in  special  cases, 
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however,  when  for  example  the  viscosity  is  near  a  prescribed  limit, 
need  this  be  undertaken.  As  a  rule  the  viscosity  of  oils  containing 
pitch  and  paraffin  particles  is  of  little  importance  at  20°;  and  at 
50°  and  higher  the  variations  mentioned  will  hardly  occur  since  at 
that  temperature  the  solid  particles  will  have  melted. 

(c)  Viscosity  at  Higher  Temperatures.  Since  cylinder  oils 
are  subject  to  temperatures  as  high  as  300°  it  may  be  necessary  to 
compare  the  viscosities  of  different  samples  at  temperatures  ap- 
proaching this;  the  temperatures  at  which  this  is  done  may  range 
from  180°  to  250°.  According  to  the  now  existing  specifications 
the  determination  at  50°  and  100°  is  considered  sufficient  even  for 
steam  cylinder  oils.  At  180°,  200°  and  250°  measurable  differences 
of  industrial  value  can  hardly  be  shown  by  the  Engler  apparatus. 
For  this  reason  Ubbelohde  has  constructed  an  apparatus  for  high 
temperatures  (Fig.  46)  similar  to  the  kerosene  viscosimeter  in  that 

it  has  a  longer  and  narrower  jet.  In  this 
way  small  differences  in  viscosity  are 
more  easily  recognized.  The  values 
thus  obtained  are  not,  however,  to  be 
directly  compared  with  the  Engler  de- 
grees. 

(d)  The  Lamansky-Nobel  Appara- 

B'\    *  .,    HIP — b  MM         tus**    This,    as   well    as    the  Engler 
*    ffh    dUT     '  apparatus,  is  used  in  Russia.    Figs.  47a 

and  47b. 

The  metal  outflow  vessel  A  has  at  the  bottom 
a  metallic  block  D  serving  as  the  jet,  the  open- 
ing of  which  can  be  closed  by  a  metal  rod  M 
which  has  a  pointed  wooden  end  serving  as  a 
plug.  The  water  bath  B  is  used  for  heating, 
Fig.  46.  this  being  warmed  with  steam  from  C.    A 

stirrer  H  is  attached. 
After  filling  the  vessel  A  with  oil  and  getting  a  constant  temperature,  the 
oil  will  run  out  on  raising  M  (at  constant  pressure  obtained  by  a  Mariotte  tube 
dipping  into  the  oil).  The  opening  at  E  should  be  so  wide  that  the  time  of 
outflow  of  100  c.c.  of  distilled  water  at  50°  and  200  mm.  pressure  height  will  be 
60  seconds  (=fcl).  The  length  of  the  jet  should  be  exactly  10  mm.  The  tests 
are  made  at  50°. 

The  faults  of  the  method  are  the  difficulty  of  cleaning,  the  attention  re- 
quired and  the  large  amounts  of  oil  necessary  (see  remarks  on  the  shortening 
of  the  Engler  procedure).    On  the  other  hand  because  of  the  constancy  of  the 

*  Wischin  and  Singer,  Chem.  Rev.,  4,  89,  243  (1897). 
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Fia.  47a. 


Fia.  47b. 
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pressure,  the  time  of  outflow  of  100  c.o.  can  be  calculated  directly  from  the  time 
of  outflow  of  a  email  amount. 

The  relation  between  the  viscosities  obtained  by  the  Lamansky- 
Nobel  and  the  Engler  apparatus  is  fairly  constant. 

Lamansky-Nobel  Viscosity      ,  ,  „  .    ,  ,  „ 

= — ; rr- n =  1.1a  lO  l.lo. 

Engler  Viscosity 

For  viscous  machine  oils  and  for  cylinder  oils  the  ratio  is  1.20  to 

1.26. 
(e)  The  Redwood  Viscosimeter.     (Fig.  48.)    This  instrument 

holds  approximately  the  same  place  in  England  that  the  Engler 
holds  in  Germany,  only  the  definite- 
ness  of  the  dimensions  of  the  appa- 
ratus is  not  so  great  as  in  the  case 
of  the  Engler. 

It  consists  of  a  silvered  copper  oil-con- 
tainer C  about  1}  inches  in  diameter  and 
3}  inches  high.  The  bottom  has  an  agate 
jet,  a  depression  of  which  is  closed  with 
the  rod  E.  The  temperature  of  the  liquid 
is  kept  constant  by  the  stirrer  (wings  L 
and  grip  H). 

Method.  For  temperatures  up  to  95° 
the  bath  J  is  filled  with  water;  for  higher 
temperatures,  with  suitable  mineral  oil. 
The  oil  to  be  tested  is  filtered  and  dried 
and  brought  to  the  temperature  of  the 
bath,  then  filled  to  the  mark  F.  A  narrow- 
necked  50  c.c.  flask  is  put  under  the  jet  in 
a  vessel  with  liquid  at  the  temperature  of 
the  oil.  The  plug  is  raised  and  the  time 
of  filling  the  flask  to  the  SO  c.c.  mark  is 
observed. 

(/)  The    Saybolt    Viscosimeter 

(Figs.  49,  50  and  51)  is  much  used 
FlG'  «■  in  the  United  States. 

It  consists  of  a  cylindrical  brass  tube  (T),  8  cm.  long  and  3  cm.  in  diameter, 
(of  about  66  c.c.  volume)  with  an  over-flow  arrangement  at  the  top;  it  termi- 
nates at  the  bottom  in  a  metal  jet  about  1.75  mm.  in  diameter.  The  entire 
apparatus  is  embedded  in  a  water  bath  B.  The  bottom  is  closed  with  a  stopper 
which  does  not  touch  the  jet.  When  the  oil  is  filled  into  T  the  excess  overflows 
to  the  gallery  from  which  it  can  be  removed  by  a  pipette.    The  apparatus  is 
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heated  to  70°  F.  or  21.1°  C,  the  stopper  removed  from  the  bottom  and  the 
time  for  60  c.c.  to  flow  out  determined.  At  higher  temperatures  a  narrower 
mouthpiece  of  fa  inch  or  1.19  mm.  is  attached.  Recent  investigations  have 
shown  that  the  different  Sayboldt  viscosimeters  in  use  sometimes  show  dif- 
ferences with  regard  to  each  other;  consequently  the  values  found  with  one 
instrument  are  not  directly  transferable  to  another. 


Fig.  49. 


Fig.  50 


TABLE  29 

Redwood, 
cm. 

Saybolt 

universal» 

cm. 

Diameter  of  the  outflow  vessel  D 

4.658 
9.615 
1.023 
0.158 
0.900 
8.64 

2.968 

Original  height  of  liquid  h' 

12.688 

Length  of  the  jet  I 

1.411 

Mean  diameter  of  the  jet  dm 

0.178 

0.708 

Dimensions  of  parts  of  the  diagram  <  ? 

10.35 

The  essential  points  of  the  Redwood  and  the  Saybolt  instru- 
ments are  shown  in  cross-section  in  Figs.  50  and  51.  The  figures 
given  were  found  by  Meissner.*  (Table  29.)  The  efflux  volume 
of  the  Redwood  instrument  is  50  c.c,  of  the  Sayboldt  apparatus, 
60c.c. 


*  Chem.  Rev.,  19,  30  (1912). 
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The  time  of  outflow  TR  of  the  Redwood  instrument  and  Ts  of 
the  Saybolt  instrument  can  be  referred  to  the  normal  Engler 
apparatus  as  follows: 

fc  =  0.08019  £-0.07013|. 

The  values  calculated  in  this  way  for  the  Redwood  instrument  are 
accurate  to  4  per  cent;  with  the  Saybolt  apparatus  they  are 
accurate  to  within  2  per  cent. 

(g)  Determination  of  the  Specific  Viscosity.  1.  Definition. 
The  absolute  internal  friction  is  the  force  p,  expressed  in  absolute 
units,  necessary  to  move  a  layer  of  liquid  of  one  square  centimeter 
area  over  a  layer  of  the  same  size  and  one  centimeter  distant,  with 
a  velocity  of  one  centimeter  per  second.  For  water  at  0°  n  is 
0.018086.  Generally  the  viscosity  of  water  is  taken  equal  to  1  at 
0°  and  the  viscosities  of  other  liquids  are  referred  to  this  as  the 
unit,  the  values  obtained  being  specific  viscosities. 

2.  Determination.  The  method  generally  used  depends  on  the  rate  of 
efflux  from  a  capillary.    The  formula  of  Poisseuille  is 

Qr)(p)(r)« 
*  "  (8)  W  (I)  '' 

where  m  is  the  absolute  internal  friction,  p  is  the  pressure  in  grams  per  square 
centimeter,  r  is  the  radius  of  the  capillary,  I  is  its  length  in  centimeters,  and 
v  is  the  volume  which  passed  out  in  the  time  t  of  efflux.  Fig.  52  gives  the 
form  of  capillary  suggested  by  Ostwald.  A  weighed  amount  of  the  liquid  is  • 
put  into  a  and  blown  through  the  capillary  b  to  the  mark  c  by  air  pressure. 
The  time  necessary  for  the  volume  of  liquid  between  c  and  a  to  flow  out  of 
the  capillary  is  observed.  The  apparatus  is  standardized  with  water.  The 
value  of  the  internal  friction  of  the  liquid  referred  to  water  (specific  viscosity) 
is  determined  by  comparing  the  corresponding  times  of  efflux. 

For  oils  of  larger  internal  friction  such  tubes  are  too  narrow;  the  time  of 
outflow  is  much  too  long.  I.  Traube  *  therefore  used  a  series  of  tubes  of 
gradually  increasing  diameters,  the  narrowest  being  standardized  with  water, 
the  larger  ones  with  oils  of  different  viscosities.  The  capillaries  (Fig.  53) 
were  filled  with  oil  from  a  to  c  by  suction,  then  connected  at  e  with  a  Mariotte 
vessel,  which  kept  the  pressure  at  41  cm.  of  water,  and  the  time  was  then 
determined  for  the  volume  between  c  and  d  to  run  out.    In  this,  however, 

*  Z.  Ver.  deutsch.  Ing.,  1887,  251. 
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neither  the  influence  of  the  specific  gravity  or  the  oils  nor  the  varying  quanti- 
ties clinging  to  the  walls  were  considered. 

Ubbelohde  used  capillaries  in  which  the  errors  of  the  older  apparatuses 
were  avoided.  (Fig.  54.)  The  capillary  is  filled  at  e  by  suction  at  a,  the 
liquid  filling  the  space  from  c  to  d,.  The  time  which  is  necessary  for  the  bulb 
hi  to  fill  up  to  the  mark  Ci  under  a  constant  artificial  pressure  acting  on  e  is 
determined.  The  small  difference  in  level  cd,  at  the  beginning  of  the  test  is 
the  same  as  rAd  so  that  the  action  of  specific  gravity  disappears. 


Since  the  time  necessary  for  61  to  fill  is  measured,  the  same  volumes  will 
always  be  compared,  and  the  errors  due  to  the  liquid  clinging  to  the  walls 
thus  eliminated.  By  means  of  this  apparatus  the  specific  viscosities  (referred 
to  water  as  unity)  of  many  substances  were  determined  and  from  these  was 
established  an  empirical  formula  for  the  recalculation  of  the  specific  viscosity 
from  the  Engler  degrees  (see  page  119). 


Experiment  with  Apparatus  of  Pig.  55 

(a)  Constant-pressure  arrangement.  The  entry  of  water  at  d  is  so  regu- 
lated that  a  small  stream  of  water  leaves  by  c.  The  cocks  I  and  k  are  to  be 
kept  closed.    The  pressure  thus  developed  in  C  is  measured  by  the  manometer 
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D.  By  raising  or  lowering  the  vessel  A  a  pressure  of  600  mm.  water  column 
can  be  obtained. 

(ß)  Fitting  of  the  capillary  with  oil.  By  suction  at  p,  with  the  end  of  the 
capillary  o  in  oil,  the  capillary  is  filled,  closed  with  a  pinch-cock  and  connected 
to  the  apparatus. 

(?)  Temperature  regulation.  The  water  bath  E  is  warmed  by  the  burner  t 
or  cooled  by  the  coil  m,  a  stirrer  n  being  used.  The  capillary  is  kept  immersed 
for  10  minutes. 

(5)  Observation  of  time  of  outflow.  The  cock  q  being  closed,  the  cock  k 
being  open,  the  oil  is  put  under  600  mm.  water  pressure  and  the  time  observed 
necessary  for  the  oil  in  the  capillary  to  move  from  the  mark  r  to  the  mark  n. 
When  the  mark  n  is  passed  k  is  at  once  closed  and  q  opened. 


Fig.  55. 


(c)  Calculation  of  the  specific  viscosity.  The  time  of  outflow  of  the  oil 
divided  by  the  corresponding  value  for  water  gives  the  specific  viscosity  of 
the  oil,  referred  to  water  as  unity. 

(?)  Example.  Calculation  of  Engler  degrees  from  time  of  outflow  from 
the  capillary.  The  Engler  degree  can  be  calculated  from  the  viscosity  deter- 
mined in  this  manner  by  means  of  the  formula  given  below.  A  case  is  here 
given  where  the  standardization  was  made  with  water  at  0°  and  where  the 
Engler  viscosity  is  greater  than  10. 
Temperature  of  experiment:  20°. 

Standardkation  value  of  the  capillary:  1.271  (referred  to  water  at  0°). 
Specific  gravity  of  the  oil  at  20°:  0.9132. 
Time  of  flowing:  2  minutes  15  seconds  =»  135  seconds. 
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_    .     „.       ..     _    Time  of  flowing  in  seconds 

lüngler  Viscosity  -  (Stand.  value)  (8p>gr.)  (4.072)  "  (1.271)  (0.9132)  (4.072) 

If  the  standardization  was  not  made  at  0°  but  at  20°  the  calculation  is  made 
as  follows: 

_     .  Time  of  flowing  in  seconds 

angler  viscosity  -  (gtand  yalue  a(.  2QO)  (gp  &  ft(.  jo)(7  32)> 

f°  being  the  temperature  of  the  experiment. 

3.  Calculation  of  the  Specific  Viscosity  from  the  Engler  De- 
grees According  to  Ubbelohde.  Engler's  viscosimeter  does  not 
allow  a  direct  determination  of  the  absolute  internal  friction  nor 
of  the  specific  viscosity  referred  to  water  at  0°  as  unity;  Ubbelohde 
has,  however;  suggested  a  formula  with  the  aid  of  which  the  specific 
viscosity  can  be  calculated  from  the  Engler  degrees;  the  calcula- 
tion is  avoided  by  the  use  of  the  tables  for  the  Engler  viscosimeter. 

Although  the  Engler  degrees  represent  relative  times  of  out- 
flow referred  to  water  at  20°  as  unity  they  are  not  equal  to  the 
specific  viscosities  for  several  reasons.  For  not  only  does  viscosity 
enter  into  the  question  but  the  acceleration  of  gravity  and  similar 
factors  must  be  considered  which  are  different  with  different 
velocities  of  outflow;  furthermore  with  the  outflow  jet  as  wide  as 
that  of  the  Engler  apparatus  the  formula  of  Poisseuille  does  not 
apply.  As  a  consequence  the  Engler  degree  is  not  a  measure  of 
the  specific  viscosity. 

The  deviations  from  the  specific  viscosities  may  be  80  per  cent. 
Just  as  it  is  not  possible  to  substitute  degrees  Baum£  for  specific 
gravity^  so  it  is  impossible  to  substitute  Engler  degrees  for  specific 
viscosity,  say,  in  the  calculation  of  the  resistance  of  oils  to  flow  in 
pipes  or  of  the  frictional  resistance  of  oils  in  bearings. 

The  direct  determination  of  the  specific  viscosity  by  the  method 
described  can  be  avoided  if  the  formula  of  Ubbelohde  is  used;  this 
gives  fairly  accurate  results.  The  formula  gives  the  results  for  the 
specific  viscosity  referred  to  water  at  0°  as  unity  (customary  in 
physics),  using,  however,  the  Engler  degrees  referred  to  water  at  20° 
as  unity  (which  is  also  customary) : 


x  -  «(4.072  (E.D.)-|gQ- 


In  the  above  x  is  the  specific  viscosity  at  any  temperature  referred 
to  water  at  0°  as  unity,  s  is  the  specific  gravity  of  the  oil  at  the 
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temperature  of  the  experiment,  and  E.D.  is  the  Engler  degree  of 
the  oil. 

The  formula  explains  the  noteworthy  fact  that  the  specific 
viscosity  may  be  from  0.6  to  4.4  as  large  as  the  Engler  degree. 
If  the  values  for  water  at  20°  are  substituted  then 

0.558  -  0.998824  [(4.072)  ( 1)  -  ^Mpl- 

As  may  be  seen  the  negative  quantity  in  the  expression  in  the 
brackets  is  six  times  as  large  as  the  value  for  the  total  expression. 
The  negative  part  represents  the  work  used  up  in  giving  the  out- 
flowing water  its  velocity  (J  ww2).  With  water  because  of  its 
great  velocity  of  efflux,  this  work  is  six  times  as  great  with  the 
Engler  apparatus  as  the  work  necessary  to  overcome  the  viscosity. 
Consequently  the  time  of  efflux  of  water  is  six  times  as  great  as 
that  which  would  correspond  to  the  specific  viscosity. 

With  large  Engler  degrees  the  first  part  of  the  expression  in 
brackets  becomes  larger  in  the  same  proportion  as  the  second  part 
becomes  smaller.  With  an  Engler  degree  of  5  the  negative  part 
of  the  expression  is  only  5  per  cent;  with  an  Engler  value  of  10,  it 
is  only  1  per  cent  of  the  total.  With  values  of  the  Engler  degrees 
greater  than  10,  the  negative  part  may  be  practically  neglected 
and  the  simplified  formula  may  be  used,  namely 

x  =  s  (4.072)  (E.D.). 

From  the  diagram  (Fig.  56)  which  gives  a  graphic  representation 
of  the  relation  between  the  specific  viscosity,  the  Engler  degrees 
and  the  specific  gravity  of  the  oil,  there  can  be  found  directly  the 
specific  viscosity  corresponding  to  the  Engler  degree  found  and 
the  specific  gravity  of  the  oil  (of  course  with  a  small  degree  of 
accuracy  because  of  the  small  dimensions). 

Because  of  the  peculiar  relationship  of  the  first  and  second 
members  of  the  longer  formula  to  the  Engler  degrees,  the  relation 
between  the  two  changes  most  rapidly  in  the  neighborhood  of 
Engler  degree  1.  Between  1  and  2  the  influence  of  small  experi- 
mental errors  is  considerable  so  that  it  is  not  possible  to  determine 
the  viscosity  of  mobile  substances  (like  kerosene,  or  steam  cylinder 
oils  above  200°)  with  sufficient  accuracy  with  the  Engler  apparatus. 
For  such  determination  the  instruments  (shown  in  Figs.  26  and  46) 
with  narrower  and  shorter  jets  and  other  conditions  of  filling,  as 
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Specific  Gravity 
0.6     0.7      0.8     0.9      1.0 


designed  by  Ubbelohde,  are  used;  with  these  the  negative  part  of 
the  expression  is  very  small  even  with  very  mobile  substances  like 
water  and  kerosene. 

Under  the  existing  state  of  affairs  it  would  seem  advisable  for  the 
benefit  of  both  science  and  industry  and  to  facilitate  an  interna- 
tional exchange  of  results  that  the  Ubbelohde  recalculation  formu- 
las be  more  generally  used  and  also  that  similar  tables  be  worked 
out  for  other  visco- 
simeters  (if  these 
are  sufficiently  defi- 
nite in  design  to 
warrant  it).  It  is 
advisable  to  calcu- 
late the  specific  vis- 
cosity at  once  and 
always  to  state  this. 
It  would  seem  in- 
advisable to  leave 
the  specific  gravity 
out  of  the  calcula- 
tion, as  was  first 
attempted  in  order 
to  save  calculation. 

The  specific  vis- 
cositiesof  six  oils  re- 
ferred to  water  at  0° 
as  unity  (their  En- 
gler  degrees  ranged 
from5to615at20°) 

were  determined  and  compared  with  the  values  calculated  by  the 
Ubbelohde  recalculation  formula.  It  was  shown  that  for  all  oils 
with  Engler  degrees  from  6.9  to  615  by  applying  a  small  correc- 
tion (+4  per  cent  on  the  average)  the  specific  viscosity  could  be 
calculated  from  the  Engler  degrees  with  an  accuracy  of  1  per  cent. 
With  oil  of. Engler  viscosity  5  the  error  was  larger;  with  a  further 
study  of  the  sources  of  error  the  correction  will  probably  become 
unnecessary.  Experiments  are  being  carried  on  with  regard  to 
this  point. 

Remembering  that  similar  formulas  can  be  developed  with  other 
types  of  instruments  if  these  have  well-defined  dimensions,  the 
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Specific  viscosity  referred  to  water.  at,fl&>l 

Fig.  56. 
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way  for  an  international  form  of  expressing  the  viscosity  seems 
clearly  indicated.  It  seems  worth  while  also  to  point  out  that  it 
would  not  be  a  difficult  matter  to  construct  a  viscosimeter  which, 
uniting  the  advantages  of  the  various  types  of  apparatus  suggested 
in  different  countries  and  avoiding  their  disadvantages,  might  be 
accepted  as  an  international  standard  instrument. 

VIII.  Mechanical  Testing 

The  mechanical  testing  of  oils  is  carried  out  in  practice  on  simple 
specially  designed  machines  with  experimental  journals  and  bear- 
ings approximating  the  conditions  of  service,  with  thermometers 
attached  for  measuring  the  temperature  of  the  bearings  and  some 
arrangements  for  measuring  the  power  consumed,  the  latter  giving 
a  measure  of  the  friction  in  the  lubricated  bearings.  The  ma- 
chines described  in  the  literature  give  directly  or  indirectly  the 
frictional  coefficients,  that  is,  the  frictional  resistance  reduced  to 
unit  pressure  and  unit  velocity.  The  frictional  coefficient  depends 
on  the  pressure,  on  the  velocity  of  the  rotating  shaft,  on  the  metal 
of  the  journal  and  bearing,  and  upon  other  factors.  The  differ- 
ence in  the  radius  of  the  bearing  and  of  the  journal  is  of  great 
influence  on  the  coefficient  of  friction. 

The  different  oil-testing  machines  differ  considerably  from  each 
other  as  well  as  from  the  actual  working  machines,  consequently 
the  frictional  coefficients  are  not  comparable  with  each  other,  nor 
are  they  capable  of  being  directly  transferred  to  practice;  they  are 
valid  only  for  the  particular  conditions  of  the  machine  tested.  In 
many  cases,  as  for  the  lubrication  of  steam  and  gas  motor  cylin- 
ders, of  steam  turbines,  etc.,  the  conditions  of  use  of  the  oil  are  not 
even  approximated. 

In  choosing  oils  for  such  purposes  or  for  any  case  where  the  con- 
ditions of  use  cannot  be  exactly  defined  but  only  approximately 
characterized,  there  are  used  typical  oils  which  have  been  satis- 
factory in  practice;  or  various  oils  are  directly  tested  in  the 
machine  in  question,  and  the  consumption  and  other  points  of 
comparison  recorded.  In  the  first  case  the  ordinary  chemical  and 
physical  tests  are  sufficient  to  characterize  the  oil. 

The  Martens  machine  *  is  in  principle  the  same  as  that  of 
Thurston  and  in  the  Kgl.  Materialprüfungsamt  is  used  for  testing 

*  To  be  obtained  from  the  Deutschen  Waffen  and  Munitionsfabrik  in 
Karlsruhe.    Described  Mitteilungen,  8, 1  (1890) ;  also  Engineering,  July,  1894. 
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oils  with  the  common  horizontal  position  of  the  journal,  under 
varying  conditions  of  speed,  pressure  and  temperature.    (Fig.  57.) 
It  consists  of  a  shaft  a  and  an  experimental  journal  6  which  are  given  veloci- 
ties of  0.5  or  1.0  or  2.0  meters  per  second;   the  journal  carries  a  pendulum  de 


Fia.  67. 

with  an  instrument  recording  the  deviation  of  the  pendulum.  The  lubrication 
is  effected  by  the  bath  /;  the  bearing  and  oil  can  be  heated  or  cooled  by  circu- 
lating water  or  steam.  The  journal  and  shaft  are  hollow  and  provided  with  a 
spraying  arrangement  for  heating  and  cooling,  for  regulating  the  temperature 
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of  the  film  of  oil.  The  journal,  100  mm.  in  diameter  and  70  mm.  long,  is  made 
of  steel  and  must  be  perfectly  round  and  highly  polished.  The  machine  is  run 
with  rouge  and  oil  till,  after  a  series  of  experiments,  the  pendulum  always 
swings  to  the  same  position. 

The  coefficient  of  friction  is  determined,  from  the  swing  of  the  pendulum 
and  the  pressure  of  the  bearings  against  the  Journal,  by  the  Napoli  compressor 
e  which  is  screwed  into  the  head  of  the  pendulum.    The  pressure  is  shown  by 

the  manometer  g. 

To  get  a  perfectly  uniform  pressure  the 
brasses  which  are  used  do  not  completely  sur- 
round the  journal  but,  instead,  three  bronze 
bearings  are  placed  120°  apart  (as  shown  in 
Fig.  58),  fastened  in  the  cast  iron  pendulum 
in  such  a  way  that  a  layer  of  oil  of  about  0.5 
mm.  thickness  will  separate  the  journal  and 
the  body  of  the  pendulum.  Sometimes  bear- 
ings which  are  semicircular  are  used«  The 
thermometer  is  bent  at  right  angles.  The 
swing  of  the  pendulum  indicates  the  friction 
or  indirectly  the  coefficient  of  friction. 

The  following  are  the  conditions  of  use 
in  the  Materialprüfungsamt  (pressure  and  temperature) : 

TABLE  30 


Fig.  58. 


With  ,-  g- 

10 

22.0 
23.5 
31.0 

25 

22.8 
26.8 
34.5 

40 

23.5 
30.0 
38.0 

53 

24.1 
33.2 
41.7 

66 

25.4 
36.8 
45.3 

80 

27.0 
40.7 
48.6 

93 

29.4 
45.0 
54.5 

106 

33.0 
49.5 
59.5 

119 

38.5 
55.0 
65.5 

132 

45.0 
61.4 
72.0 

145 

52.0 
68.0 
79.0 

158 

•  ■  •  ■ 

at 

And  0.5  meter  per  sec 

And  1.0  meter  per  sec 

•  •  •  ■ 

And  2.0  meters  per  sec 

where  Q  is  the  total  load  in  kilograms  and  /  the  active  surface  of  one  bearing 
expressed  in  square  centimeters.  When  the  correct  temperature  is  attained 
the  machine  is  run  for  5  minutes  longer;  the  pendulum  may  change  its  position 
somewhat  under  these  conditions  but  this  may  be  neglected. 

The  machine  is  controlled  now  and  then  by  using  fresh  refined  rape  oil. 
The  coefficient  of  friction  must  come  out  within  an  error  of  10  per  cent  under 
similar  conditions  of  experiment;  if  this  is  not  the  case,  the  machine  must  be 
run  under  an  average  pressure  of  50-70  kg.  until  the  normal  condition  is  re- 
established; this  sometimes  requires  several  weeks. 

Many  other  machines  have  been  suggested  but  cannot  be  de- 
scribed here.  Among  these  might  be  mentioned  that  of  Dettmar,* 
manufactured  by  Lahmeyer  &  Co.,  of  Frankfurt  a.M.,  that  of 
Fein-Kapff,t  the  machine  of  Kirsch  of  Vienna,  the  apparatus  of 


*  Ding.  Poly.  Jour.,  1900,  88. 

t  Ding.  Poly.  Jour.,  1900,  608;  Ver.  Deutsch.  Ing.,  1901,  343. 
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Wilkins  *  and  the  Ossag  machine  of  the  Stern  Oil  Works  of 
Sonneborn. 

Striebeck,f  Sommerfeld  t  and  recently  Ubbelohde  §  have  ex- 
tended the  theory  of  lubrication  as  developed  by  Petroff  and  by 
Reynolds.  The  frictional  resistance  is  dependent  on  the  viscosity, 
on  the  relative  speed  of  the  moving  parts  and  on  the  difference  in 
radius  of  bearing  and  journal.  In  choosing  a  lubricant  for  a  bear- 
ing for  which  speed,  pressure  and  difference  in  radius  are  constant, 
an  oil  should  be  chosen,  the  viscosity  of  which  exerts  the  maximum 
lubricating  action  according  to  the  formula: 

8*-P 

Umin  =  (15.1)  (,)  (r)»' 

In  this  U  is  the  speed,  5  the  difference  in  the  radii  of  bearing  and 
journal,  P  the  pressure,  tj  the  viscosity  of  the  lubricant  and  r  the 
radius  of  the  journal. 

It  was  experimentally  shown  by  Ubbelohde  that  oils  with  the 
same  viscosity  under  the  same  mechanical  conditions  will  show  the 
same  coefficient  of  friction  if  the  viscosity  is  expressed  in  terms  of 
specific  viscosity.  He  considers  that  this  has  not  been  sufficiently 
clearly  recognized  in  the  past  because  in  place  of  the  viscosity  the 
Engler  degrees,  which  are  not  proportional  to  the  absolute  vis- 
cosity, have  been  used.  It  would  therefore  be  incorrect  to  ascribe 
a  higher  lubricating  power  to  an  oil  of  a  particular  origin  or  special 
process  of  manufacture,  especially  a  refined  oil,  since  it  depends 
only  on  the  viscosity  in  a  mechanical  sense,  all  oils  of  the  same 
viscosity  having  the  same  lubricating  power.  At  high  tempera- 
tures, in  superheated  steam  cylinders  and  air  compressors,  refined 
oils  are  used  because  unrefined  oils  decompose  too  easily  and  give 
rise  to  residues.  According  to  this  statement,  the  mechanical 
testing  of  oils  would  be  superfluous,  if  the  viscosity  of  the  oil 
and  the  recalculation  factor  are  known. 

IX.  Cold  Test  (Setting  Point) 

Mineral  oils  on  cooling  become  more  and  more  viscous  and 
finally  solidify;  the  setting  point  depends  considerably  on  the 
amount  of  paraffin  contained.    The  following  points  are  to  be  con- 

*  Elektrotechn.  Zeitschr.,  1904,  Heft  7. 
t  Z.  Ver.  Deutsch.  Ing.,  46,  341  (1902). 
%  Ztschr.  f.  Math.  u.  Phys.,  1904,  97. 
§  Petrol.,  7,  773,882,  938  (1912). 
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sidered  in  determining  the  consistency  of  an  oil.  If  the  mineral  oils 
are  disturbed  during  the  change  from  liquid  to  solid,  the  solidifi- 
cation may  be  delayed  because  of  the  disturbance  of  the  network 
of  separated  paraffin  or  pitch.  The  oils  must  be  cooled  without 
shaking  and  for  at  least  one  hour  in  order  that  the  experimenter 
be  not  misled  by  a  suspended  transformation.  Heating  before 
testing  is  very  likely  to  cause  error.  Even  the  changes  in  tempera- 
ture during  transport  or  in  storage  cause  some  oils,  which  have  not 
been  otherwise  treated,  to  show  at  different  times  quite  different 
freezing  limits  (see  Tables  31  and  32).  The  oil  takes  on  the 
temperature  of  the  surroundings  only  very  slowly.  Light-colored 
mineral  oils  sometimes  appear  clear  when  cooled,  although  they 
may  have  gelatinized. 

In  testing  it  may  be  necessary  to  determine  if  and 
how  much  of  the  oil  is  liquid  at  a  given  temperature 
(—5°  or  —15°),  or  when  the  first  signs  of  solidification 
appear  and  finally  when  it  takes  on  a  salve-like  consist- 
ency. A  preliminary  test  is  first  made  (according  to 
Fig.  59)  to  determine  the  approximate  setting  point. 
The  tube  is  cooled  in  a  salt-ice  mixture,  after  removal 
from  which,  it  is  inclined  slightly  to  determine  the  con- 

Ssistency.  With  mineral  oils  the  original  substance  must 
always  be  tested  and  another  test  made  with  a  previ- 
ously heated  sample.  In  the  latter  case  the  oil  is  heated 
10  minutes  to  50°  and  then  kept  J  hour  at  20°  on  a 
water  bath;  the  cooling  to  the  temperature  of  the  test 
should  require  1  hour  (in  both  the  test  tube  as  well  as 
in  the  more  exact  U-tube  method).  Fatty  oils  and 
mixtures  of  fatty  oils  with  mineral  oils  should  be 
cooled  4  to  10  hours  in  case  they  do  not  previously 
solidify,  one  sample  to  be  cooled  without  shaking,  the 
other  to  be  stirred  every  15  minutes  with  a  glass  rod.  To  keep 
the  oils  for  a  sufficient  time  at  constant  temperature  they  are 
put  in  salt-ice  mixtures.  A  mixture  of  1  part  of  crude  rock  salt 
with  2  parts  of  broken  ice  or  snow  will  give  a  temperature  of — 21°  C. 


i 


L 


^£7 
Fig.  59. 


Minimum  temperature 
attained 


100  parts  of  water  with  ice  give  a  temperature  of 0 

100  parts  of  water  with  13  parts  of  potassium  nitrate —3 

100  parts  of  water  with  13  parts  of  potassium  nitratel 

and  2  parts  of  rock  salt    | 
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100  parts  of  water  with  13  parts  of  potassium  nitrate! 

and  3.3  parta  of  rock  salt  J ' ' 
100  parts  of  water  with  35.8  parts  of  barium  chloride  . 
100  parte  of  water  with  22.5  parte  of  potassium  chloride 
100  parta  of  water  with  20  parts  of  ammonium  chloride 
100  parte  of  water  with  25  parts  of  ammonium  chloride 


(a)  Test  Tube  Method.  This  method  *  is  sufficient  for  many 
purposes;  it  is  simply  necessary  to  notice  if  the  oil  in  the  test  tube 
is  still  liquid  or  is  a  salve-like  solid  (Figs.  60  and  61).  The  salt 
solution  is  put  in  the  enameled  vessel  a  (12  cm.  diam.),  the  freez- 
ing mixture  in  an  earthenware  pot  wrapped  in  felt;  the  whole 
apparatus  is  covered  to  prevent  loss  of  heat.  After  cooling  1  hour 
the  oil  should  be  examined  by  inclining  the  tube;  by  cooling  a 
glass  rod  with  the  oil  and  noticing  whether,  when  it  is  removed 
after  solid  iß  cation,  the  tube  is  lifted,  it  can  be  classified  as  either 
thick  or  thin  salve-like  in  consistency.    Supercooling  is  avoided 


Fin.  60.  Fig.  61. 

by  breaking  off  the  frozen  parte  from  the  sides  of  the  pot  and  by 
lifting  the  pot  from  time  to  time.  A  constant  temperature  of  —20° 
can  be  maintained  by  having  a  salt-ice  mixture  in  the  inner  vessel 
as  well  as  the  outer.  The  test  tubes  should  be  15  mm.  wide  and 
filled  to  a  mark  3  cm.'  high  and  then  placed  in  the  frame  defg 
(Fig.  61). 

To  obtain  Btill  lower  temperatures  the  inner  and  outer  vessels 
are  filled  with  alcohol  and  cooled  with  solid  carbon  dioxide  by 
*  Hofmeister,  Mitteilungen,  7,  24  (1880). 
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means  of  which  a  temperature  of  —25°  can  be  maintained  for 
some  time. 

(b)  A  Numerical  Comparison  of  Fluidity.  The  following 
method  is  used  by  the  Prussian  railways  and  the  Material- 
prüfungsamt (Figs.  62-67). 

1.  The  well-mixed  sample  is  poured  through  a  J  mm.  meshed 
sieve  to  separate  gross  impurities.  To  determine  the  effect  of 
heating,  two  samples  without  heating  and  two  samples  previously 
heated  to  50°  for  10  minutes  are  tested  after  cooling  for  1  hour  to 
the  temperature  of  examination.  With  stringent  requirements  in 
case  the  unheated  samples  have  shown  the  prescribed  cold  test, 
another  test  is  made  with  a  sample  cooled  for  1  hour  to  the  tern- 


Fig.  62.  Fig.  63. 

perature  of  examination  or  to  —25°,  then  brought  to  room  tem- 
perature and  then  cooled  to  test.  The  samples  are  treated  directly 
in  the  tubes  in  which  the  tests  are  to  be  made  (Figs.  62  and  63). 
2.  The  oils  are  put  in  the  U-tubes  by  means  of  a  pipette  (Fig. 
66);  on  the  shorter  arm  is  found  a  millimeter  scale,  graduated 
upwards  from  0.  The  width  of  the  tubes  should  not  vary  more 
than  0.3  mm.  from  6  mm.  in  the  bend  and  should  be  measured 
beforehand  with  small  steel  balls,  5.7  and  6.3  mm.  in  diameter; 
the  smaller  should  pass  through  the  tubes,  the  larger  should  not. 
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TABLE  31 
Changing  Solidification  Points  of  American  Mineral  Spindle  Oils 

(The  oils  were  free  from  acid) 


Engler 
viscosity  at 

Specific 

gravity 

at  20° 

Flash 
point, 
Pensky, 
°C. 

Rise  in  the  U-tube  in"l  minute, 

in  millimeters 

0° 

-3° 

-5° 

20* 

80* 

Not 
heated 

Heated 
10  min- 
utes to 
50° 

Not 
heated 

Heated 
10  min- 
utes to 
50° 

Not 
heated 

Heated, 
10  min- 
utes to 
50° 

(a) 

7.40 

2.40 

0.8508 

194 

20 

0 

0 

0 

(b) 

7.70 

2.4« 

0.8612 

191 

19 

0 

0 

0 

(c) 

5.24 

2.03 

0.8800 

162    | 

10.5 

22 

(Two 
late 

6 

8 
days 
») 

0 

0 

TABLE  32 

Changing  Solidification  Point  of  a  Heavy  Russian  Mineral 

Machine  Oil 

(The  oil  was  free  from  acid) 


Engler 
viscosity  at 

Specific 

gravity 

at  20° 

Flash 

point, 

Pensky 

Rise  in  1  minute  in  a  U-tube 
at  50  mm.  water  pressure, 
millimeters 

Consistency  in  a 
15-mm.  test  tube 

20* 

60° 

31.2 

5.5 

0.9040 

161°     ' 

Unheated  oil 
-15°    -12°    -10°    -  7° 
13         20        25        27 

Heated  to  30° 
unchanged 

Heated  to  50° 
-15°    -12°    -10»    -  r 
0          4         10        20 

Unheated  oil 
-15°    -12*    -10° 
all  liquid 

Heated  to  50°  then 

allowed  to  stand  1  day 

-15°    -12»    -10* 

All  no  longer 
liquid 

3.  (Fig.  67.)  A  funnel,  weighted  with  c,  closed  at  the  top  by 
the  water  manometer  and  the  pinch-cock  k,  is  put  into  the  vessel  b 
containing  water.  A  pressure  which  is  measured  on  the  manom- 
eter is  thus  developed  in  the  funnel.  To  obtain  exactly  60  mm. 
pressure  water  is  poured  into  b  or  the  cock  k  is  opened,  I  being 
also  open. 


Pig.  64. 
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4.   The  long  arms  of  the  U-tubes  in  the  freezing  mixture  are 
connected  with  the  manometer  and  the  ten-way  stop  cock  (e),  the 
cock  I  having  been  previously  removed  to  avoid  compression  when 
slipping  on  the  tubes.     The  pressure  is  exerted  on  the  oils  for  one 
minute,  the  cock  k  being  open;   by  then 
quickly  removing  I,  the  ordinary  pressure 
is  obtained.    The  rise  in  the  column  of  the 
short  arm,  which  can  be  recognized  by  the 
wet  surface  when  the  oil  flows  back,  is 
taken  as  a  measure  of  the  fluidity  of  the 
oil.    Any  separation  of  paraffin  is  simulta- 
neously observed. 

The  presence  of  water  in  oils  does  not 
facilitate  freezing,  since  water  in  an  oil  can  be  easily 
supercooled  and  indeed  cases  are  known  where  added 
water  lowered  the  freezing  point. 

X.  Volatility  and  Flash  Point 

The  mineral  lubricating  oils  should  volatilize  only 
on  strong  heating.     The  flash  point  was  formerly 
considered  as  the  only  means  of  estimating 
the  volatility  of  the  oils,  open  or  closed  testers 
being  used  according  to  the  object  of  the 
examination;   the  quality  of  machine  oils, 
especially  of  steam  cylinder  oils,  is  judged 
by  the  height  of  the  flash  point.    The  flash 
point  can,  however,  give  only  an  approxi- 
mate idea  of  the  volatility  of  a  lubricating  oil; 
with  a  noteworthy  low  flash  point  a  distil-       Fig.  65. 
lation  should  be  made  in  an  Engler  flask  to 
determine  the  presence  of  kerosene  or  naphtha  fractions 
or  in  the  absence  of  any  of  these,  a  direct  evaporation  test 
can  be  made.     Such  a  direct  test  should  be  made  only  in 
Fia~66    *^e  CftBe  °*  8team  cylinder  oils,  steam  turbine  or  trans- 
former oils  (page  81).     The  establishment  of  a  minimum 
flash  point  for  railroad,  machine  and  cylinder  oils  is  highly  desired 
as  a  means  of  characterizing  the  oils  as  fire-risks  and  as  a  test  of 
identity,  because  tbe  flash  point  to  a  certain  degree  corresponds 
with  the  essential  properties  of  the  oils. 


A 
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Besides  the  Sash  point,  the  burning  point  or  fire  test  is  used  to 
characterize  its  volatility;  it  is  the  temperature  at  which  the  oil 
will  continue  to  burn  on  its  surface  if  a  test  Same  is  brought  near. 
This  test  is  considered  by  some  to  be  a  better  test  of  the  volatility  of 
lubricating  oils  than  the  flash  point,  because  the  latter,  especially 
in  the  closed  tester,  shows  the  presence  of  traces  of  easily  inflam- 
mable vapors  (naphtha). 


Pia.  67. 

(a)  Volatility.  For  this  the  arrangement  of  Holde  *  may  be  used.  The 
apparatus  consists  (Fig.  68)  of  an  external  heating  bath  in  which  a  vessel 
similar  to  the  oil  container  of  the  Penalty  apparatus  is  placed  (as  a  substitute 
may  be  used  a  similarly  proportioned  porcelain  dish  since  it  Is  lighter  and 
more  easily  weighed  and  is  said  to  prevent  the  oil  from  creeping  over  the  side). 
The  heating  bath,  according  to  the  temperature  desired,  may  be  filled  with 
liquids  of  proper  boiling  point;  this  temperature  should  be  somewhat  higher 
than  that  of  the  oil  itself  since  the  inner  cup  never  reaches  the  temperature  of 
the  outside  bath. 

A  gas  heater  may  be  used  surrounded  by  a  safety  wire  gauze,  thus  avoiding 
danger  of  igniting  the  oil;   the  burner  is  ignited  through  the  opening  in  front 

*  To  be  obtained  from  Paul  Altmann,  Berlin,  N.  W.,  Luisenstr.  21. 
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(Fig.  68).    Instead  of  a  gas  burner,  an  electric  heating  arrangement  may  be 

obtained  (Fig.  69).    In  the  gas  burner,  the  burner  itself  fits  through  a  small 

hole  in  the  bottom. 

In  the  small  vessel  is  placed  some  glycerine  (for  tests  up  to  200°)  or  high 

boiling  cylinder  oil  with  flash  point  above  300°  (for  temperatures  up  to  300°) 

in  order  to  transfer  the  heat  from  the  outside  bath  to  the  Pensky  oil  container. 

The  oil  is  placed  in  the  latter  up  to  the  mark  (3.5  cm.  high). 
A  thermometer  is  dipped  into  the  inside  cup  to  determine  the  temperature 

of  the  oil  sample;  after  each  removal  from  the  oil  it  must  be  wiped  with  weighed 

filter  paper  so  that  none  is  lost; 
this  must  later  be  weighed  with 
the  oil  and  Pensky  cup.  After 
heating  the  required  length  of 
time,  cooling  and  drying  in  a  des- 
iccator, the  cup  is  reweighed. 

For  determinations  over  300° 
up  to  350°  C.  the  oil  is  heated  in 
the  Pensky  flash  point  appara- 
tus with  a  triple  burner;  this 
requires,  however,  constant  at- 
tention. 

By  this  method  after  two 
hours  heating  of  a  cylinder 
oil  to  200°  a  loss  of  0.03- 
0.10  per  cent  (rarely  0.15) 
took  place;  two  hours  at 
300°  gave  a  loss  of  0.2-1.2 
per  cent  (rarely  2.3);  at 
350°,  8-15  per  cent  was  lost. 
The  apparatus  gives  results 
which  can  be  checked  on 
repetition.  It  is  used  (by 
the  Prussian  railways)  in  testing  steam  and  cylinder  oils. 

Cameiman  and  Nicolas,*  by  passing  steam  superheated  to 
300°  into  a  cylindrical  vessel,  conical  at  the  bottom,  into  which 
at  the  same  time  the  oil  to  be  tested  is  dropping,  determine 
how  much  oil  evaporates  in  a  given  time  and  how  much  is  not 
carried  away.  The  part  remaining  is  the  useful  portion;  the 
more  non-volatile  matter  present  in  the  oil,  the  more  valuable 
it  is  considered. 


Fig.  68. 


*  Mitteil.  d.  Intern.  Verb.  f.  d.  Materialprüfungen  d.  Technik,  1910,  Heft. 
15,  186. 
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(6)  Flash  Point  1.  The  Pensky-Martens  Apparatus  *  (cross- 
section,  Fig.  70a,  plan  of  cover,  Fig.  70b)  is  more  satisfactory  than 
the  open  tester  because  the  mode  of  heating,  the  method  of  apply- 
ing the  pilot  light,  and  the  observation  of  the  flash  are  all  so  much 
more  certain,  while  with  the  open  tester  the  collection  of  the  in- 
flammable vapor  over  the  surface  of  the  oil  is  very  easily  interfered 
with  by  a  draft  of  air.  Another  advantage  of  the  Pensky  appara- 
tus is  the  fact  that  the 
results  are  easily  com- 
pared with  the  values 
obtained  with  the  Abel 
tester  for  more  volatile 
oils.  One  of  its  disad- 
vantages is  the  fact  that 
it  detects  traces  of  in- 
flammable vapor  which 
could  be  disregarded  in 
practice  and  which 
would  escape  unnoticed 
in  the  open  vessel;  the 
flash  point  in  the  Pen- 
sky  apparatus  is  there- 
fore much  lower  than 
in  the  open  vessel  (see 
page  138). 

The  oil  is  put  into  the 
vessel  E  up  to  the  mark  M 
(35  mm.  high)  and  heated 

by  the  triple  burner.  The  cup  E  is  separated  from  the  iron  vessel  H  by  & 
layer  of  air;  the  iron  vessel  is  covered  by  the  brass  mantel  L  which  carries 
asbestos  paper  to  prevent  loss  of  heat.  Stirring  should  be  begun  at  100° 
(stirrer  J).  From  120°  on,  the  pilot  light  Z  (a  rape  oil  or  gas  flame)  is  made  to 
dip  into  the  air- vapor  space  by  turning  the  handle  G\  this  name  is  dipped 
every  2°  for  two  seconds,  and  when  the  flame  begins  to  lengthen,  it  is  made  to 
approach  every  degree  till  the  inflammable  mixture  finally  flashes.  The 
temperature  read  on  the  thermometer  must  be  corrected  for  the  protruding 
thread  of  mercury  and  for  any  errors  in  the  scale.  Sometimes  in  flashing,  the 
light  will  be  extinguished;  on  being  relighted  and  redipped  into  the  air-gas 
mixture,  this  need  not  reflash  at  once  since  some  time  and  heating  are  required 


Fig.  69. 


*  To  be  obtained  from  Sommer  and  Runge,  Berlin,  W.  Friedenau,  Ben- 
ningenstrasse,  23. 
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to  cause  the  collection  of  enough  inflammable  vapor.    The  observation  should 
be  made  in  subdued  light. 

With  constant  stirring  the  temperature  should  rise  up  to  120"  at  the  rate  of 
6-10°  per  second;  from  20°  below  the  flash  point,  at  the  rate  of  Dot  more  than 
4-6°  per  minute.  This  prevents  taking  too  much  time  for  a  test  and  also  pre- 
vents overheating.     If  the  flash  point  is  under  120°  (which  is  seldom  the  case 


with  lubricating  oils)  the  stirring  should  be  started  at  80°  and  the  pilot  dipped 
from  100°  on;  to  provide  for  the  possibility  of  the  pilot  light  being  extinguished, 
a  safety  light  S  is  provided. 

The  flash  point  should  not  vary  more  than  3°  on  repetition  of 
the  test  and  generally  the  differences  are  less  than  2°.    Generally 
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only  two  tests  are  necessary  but  sometimes  four  are  required.  The 
differences  may  be  much  greater  if  mixtures  with  much  fatty  oil  or 
pure  fatty  oil  are  being  tested,  because  the  fats  do  not  decompose 
evenly,  and  liberate  varying  amounts  of  inflammable  gas  on  repe- 
tition. Compounded  cylinder  oils,  generally  containing  3.5—5.0 
(sometimes  12}  per  cent  of  animal  oil,  are  much  used  because  of 
their  superior  lubricating  action  and  show  no  essential  differences 
on  repetition.  The  addition  of  small  amounts  of  easily  inflam- 
mable oil  to  a  less  volatile  oil  decreases  the  flash  point  to  a  decided 


degree;  the  law  of  mixtures  does  not  apply  any  more  than  it  did 
in  the  case  of  the  viscosity  of  oil  mixtures  (page  110).  Oil  which 
has  been  once  used  for  testing  should  really  not  be  used  for  a  repe- 
tition since  the  flash  point  may  have  been  raised  by  the  previous 
loss  of  more  inflammable  material.  The  thermometers  should 
have  been  standardized  while  immersed  in  a  bath  to  the  same 
distance  as  in  the  testing. 

Oils  containing  water  can  be  tested  in  the  Pensky  apparatus  provided  that 
the  pilot  light  is  not  often  extinguished,  otherwise  they  are  to  be  previously 
dried  with  calcium  chloride  and  then  filtered. 

The  electric  modification*  of  the  Pensky  apparatus  is  shown  in  Fig.  71. 
The  current  is  passed  through  a  platinum  foil  and  the  resistance  box  on  the 

•  To  be  obtained  from  the  Vereinigten  Fabriken  für  Laboratoriumsbedarf, 
Berlin  N.W.,  Scharnhorststrasse. 
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wall.  With  machine  oils  having  a  flash  point  below  200°,  a  current  of  1.5 
amperes  is  used;  for  cylinder  oils  flashing  up  to  320°,  1.7  amperes  is  advisable. 
A  determination  requires  20  to  30  minutes. 

2.  In  the  Abel  Tester.  This  apparatus  is  used  (without  cor- 
recting for  the  barometric  height)  if  an  oil  of  flash  point  under  50° 
(kerosene)  is  present  in  the  lubricating  oil. 

3.  The  Open  Tester,*  as  modified  by  Marcusson  and  used  by 
the  Prussian  railways,  is  an  improvement  over  the  old  form  of 


m 


^==^ß 


Wtif 


1 


Fig.  72. 

Brenke.  There  are  two  forms,  one  (a)  used  in  testing  railway 
lubricating  oils,  the  other  (6)  for  the  more  difficultly  inflammable 
oils  (machine  and  cylinder  oils). 

(a)  For  railway  oils  (required  according  to  railway  specifications).  The 
porcelain  crucible  (4  cm.  wide,  4  cm.  high)  is  filled  with  oil  up  to  within  1  cm. 
from  the  top;  this  vessel  rests  on  a  frame  in  the  hemispherical  (18  cm. 
wide)  sand  bath  made  of  sheet  iron.  The  sand  is  1.5  cm.  deep  but  the  crucible 
is  not  imbedded  in  it.  To  the  side  of  the  sand  bath  is  attached  an  arrange- 
ment giklo  for  bringing  a  small  test  flame  near  the  surface  of  the  oil.     By  heat- 

*  To  be  obtained  from  the  Ver.  Fabriken  f.  Laboratoriumsbedarf ,  Berlin. 
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ing  the  oil  up  to  153°  (the  average  flash  point  of  railway  oils)  the  oil  expands 
and  approaches  to  within  6  mm.  of  the  edge  of  the  crucible.  The  flame  of  the 
blowpipe  should  be  10  mm.  long;  as  it  approaches  the  hot  oil  it  is  bent  side- 
ways by  the  rising  vapors,  consequently  the  mechanical  arrangement  is  made 
to  allow  the  blowpipe  tip  to  drop  to  within  2  mm.  of  the  edge  of  the  crucible. 
This  determines  the  distance  and  position  of  the  flame  exactly. 

The  tripod  is  best  surrounded  with  asbestos  board.  Above  100°  the 
temperature  should  rise  slowly,  only  3-5°  per  minute  at  120°.  In  testing, 
the  10  mm.  flame  is  allowed  to  approach  and  then  remain  4  seconds  over 
the  crucible;  it  then  drops  back  to  the  dotted  position.  The  flame  does  not 
get  nearer  than  10  mm.  to  the  walls  of  the  crucible  so  that  no  overheating 
can  occur. 

This  arrangement  is  to  be  used  only  for  the  examination  of  railway  oils 
flashing  between  150°  and  160°,  since  for  higher  flashing  oils  it  is  difficult,  unless 
the  crucible  is  completely  imbedded  in  the  sand,  to  raise  the  temperature  at 
the  rate  of  3-5°  per  minute. 


SZJ 


Fig.  73. 


(6)  For  machine  and  cylinder  oils.  (Figs.  74  and  75.)  With  the  old 
apparatus  of  Brenke  a  crucible  (4X4  cm.),  containing  a  3  cm.  deep  layer  of 
oil,  was  imbedded  in  a  sand  bath  to  the  height  of  the  oil  level.  At  every  degree 
a  small  test  flame  was  passed  over  the  crucible  with  the  hand  until  a  distinct 
flash  took  place.  The  crucible  was  imbedded  so  that  only  a  very  thin  layer  of 
sand  separated  the  iron  shell  and  the  crucible. 

The  uncertainties  of  the  position  of  the  crucible  and  in  the  application  of 
the  test  flame  are  avoided  in  the  improved  apparatus  of  Marcusson.  A  10  mm. 
long,  horizontal  test  flame  is  moved  back  and  forth  over  the  oil  in  the  plane  of 
the  top  of  the  crucible.  The  temperature  should  rise  at  the  rate  of  2-5°  per 
minute.  The  crucible  is  imbedded  to  the  height  of  the  oil  level  in  the  sand, 
the  bottom  being  2  mm.  from  the  bottom  of  the  shell.  The  test  is  made  every 
degree. 

This  arrangement  allows  the  distance  of  the  crucible  from  the  test  flame  to 
be  kept  constant  even  when  the  shell-  of  the  sand  bath  becomes  distorted 
through  heating.  The  crucibles  have  two  marks,  10  and  50  mm.  from  the  top 
edge.  Machine  oils  are  filled  up  to  the  upper  mark,  cylinder  oils  only  to  the 
lower,  since  otherwise  the  increase  in  volume  at  high  temperatures  might 
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cause  the  oil  to  creep  over  the  edge.  This  method  can  be  used  even  though 
gas  is  not  available;  a  little  wick  saturated  with  kerosene  is  put  into  the  end 
of  the  blowpipe  as  is  done  in  the  Abel  kerosene  tester.  The  apparatus  can  be 
obtained  from  the  Vereinigten  Fabriken  für  I^boratoriumsbedarf,  Berlin. 

4.  Differences  in  the  Open  and  Closed  Test.  The  vapors 
evolved  from  mineral  oils  in  the  open  tester  escape  more  easily 
and  less  regularly  through  drafts  of  air  than  is  the  case  with  the 


Fra.  74. 

closed  vessel  which  is  open  for  only  a  very  short  time;  conse- 
quently the  flash  point  in  the  open  vessel  will  always  be  higher 
than  for  the  Pensky  apparatus.  These  differences  may  range 
from  5°  to  40°.  With  such  oils,  however,  which  contain  traces  of 
easily  inflammable  oils  (naphtha  or  kerosene)  the  differences  may 
be  much  larger,  in  some  cases  as  much  as  140°  and  higher.  Ac- 
cording to  some  experiments  of  Holde,  the  addition  of  0.5  per  cent 
of  naphtha  to  an  oil  which  originally  flashed  at  180°  in  the  Pensky 
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apparatus  and  at  200°  in  the  open  tester,  lowered  the  flash  point 
in  the  Pensky  apparatus  to  below  80°  while  in  the  open  vessel  it 
remained  unchanged.  At  the  same  time  the  viscosity  of  the  oil 
decreased  8  per  cent.  Similar  results  were  obtained  with  other 
oils.  F.  Schwartz  found  that  the  addition  of  fa  per  cent  of 
naphtha  to  a  fat-free  cylinder  oil  reduced  the  Pensky  flash  point 
100°,  an  addition  of  fa  per  cent  of  naphtha  caused  a  drop  of  7°, 
while  it  dropped  20°  on  adding  fa  per  cent.  The  kind  of  appa- 
ratus must  always  be  mentioned  in  giving  a  flash  point. 

5.  In  view  of  the  different  values  obtained  for  the  flash  point 
with  the  different  forms  of  apparatus  and  because  of  the  uncer- 
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Fig.  75. 

tainty  in  the  interpretation  of  results  commercially,  it  would  seem 
advisable  for  chemists  to  come  to  some  agreement  as  to  some  form 
of  flash  point  apparatus  which  could  be  used  as  an  international 
standard.  Holde  feels  that  a  modification  of  the  Pensky  appara- 
tus would  probably  serve  this  purpose;  this  would  be  desirable  in 
that  the  Abel  could  be  used  for  low  temperatures  and  the  Pensky 
for  the  higher  ranges  of  temperature.  One  great  disadvantage  of 
the  Pensky  is  its  considerable  cost;  this  might  be  overcome  by 
greater  simplicity  of  construction.  The  great  sensitiveness  of  the 
Pensky  apparatus  must  also  be  considered  a  drawback  in  many 
cases  for  the  flash  point  is  depressed  by  unimportant  traces  of 
very  volatile  hydrocarbons.  This  might  be  overcome  by  a  second 
testing  with  open  cover  or  by  determining  the  volatility  by  the 
method  of  page  131. 
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(c)  Burning  Point  (Fire  Test).  This  is  the  temperature  at 
which  so  much  vapor  is  evolved  that  a  continuous  flame  results. 
The  determination  is  made  in  connection  with  the  determination 
of  the  flash  point  in  the  open  vessel  (Fig.  74).  The  temperature 
is  raised  2-6°  per  minute  up  to  the  burning  point.  The  horizontal 
flame  should  approach  the  oil  only  1-2  seconds  and  not  touch  this, 
since  if  overheated  too  low  values  will  be  obtained.  The  burning 
point  is  much  higher  than  the  flash  point  (it  may  be  20-60°)  and 
in  the  Pensky  apparatus  the  difference  may  be  greater  still  (as 
much  as  100°).  If  it  should  be  decided  to  determine  the  flash 
point  in  the  Pensky  apparatus,  the  burning  point  can  be  deter- 
mined by  removing  the  cover. 

(d)  Boiling  Point  and  Distillation  Test.  A  boiling  point  de- 
termination and  a  distillation  test  are  rarely  necessary  and  are 
required  only  when  low  boiling  fractions  are  present;  if  the  ma- 
terial boils  below  150°  then  naphtha  or  kerosene  is  present  and  the 
amount  can  be  approximately  determined  by  distillation.  The 
apparatus  of  pages  29  and  30  is  used;  for  the  determination  of  the 
amount  of  easily  volatile  material  the  Engler-Ubbelohde  method 
(page  27)  is  used,  distillation  being  carried  on  up  to  270°. 

XI.  Optical  Examination 

,  (a)  Rotatory  Power.  The  optical  rotation  of  oils  is  of  value 
in  the  direct  detection  or  confirmation  of  the  presence  of  rosin  oil, 
for  the  determination  of  the  identity  of  certain  samples  and  for  the 
investigation  of  the  unsaponifiable  portion  of  wool-fat  olein  and 
commercial  olein  (see  pages  380,  446).  Mineral  oils  have  a  rota- 
tory power  of  0-1.2°,  at  times  as  much  as  3.1°,  the  rotation  being 
greater  the  higher  the  boiling  point.  Rosin  oils  rotate  30-44°, 
according  to  Demski-Morawski  sometimes  50°,  to  the  right.  Of 
the  fatty  oils  sesame  oil  has  a  rotatory  power  of  3.1-9°,  castor  and 
similar  oils  from  40.7-43°.  The  latter  contain  glycerides  of  oxy- 
acids  with  asymmetric  carbon  atoms;  the  rosin  oils  contain  optically 
active  terpene  radicals.  Regarding  the  optical  activity  of  the  tur- 
pentine oils  see  page  418. 

For  a  determination  of  the  optical  activity,  the  Laurent  half- 
shadow  apparatus  and  the  more  accurate  and  more  convenient 
instrument  of  Lippich-Landolt  are  available;  the  optical  chains  of 
the  two  instruments  are  shown  in  Figs.  76  and  77. 
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A  thin  plate  made  of  a  crystal  of  potassium  bichromate  is  used  as  a  light 
filter  (in  case  monochromatic  light,  as  a  sodium  flame,  is  used,  the  plate  is  un- 
necessary). Two  doubly  refracting  prisms  of  Iceland  spar  serve  as  the  polar- 
izers. In  the  Laurent  apparatus  there  is  a  diaphragm,  containing  a  glass  plate 
and  a  thin  quartz  plate,  the  latter  covering  one-half  the  circle.  In  the  Lippich 
arrangement  there  are  in  place  of  this  diaphragm  two  double  prisms,  each  cover- 
ing one-third  of  the  circle,  leaving  the  space  in  the  middle  free.  In  both  in- 
struments the  tube  of  liquid  is  placed  at  d,  followed  by  the  nicol  prisms  e  as 
analyzers  and  then  three  or  four  small  lenses  forming  the  telescope  /  and  g. 


d 
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The  analyzer  of  the  Lippich-Landolt  apparatus  has  attached  to  it  a  scale  D 
(Fig.  78),  the  two  together  being  turned  by  the  lever  g  (a  micrometer  screw  m 
serving  for  the  final  adjustment).  The  Laurent  apparatus  can  be  read  to 
minutes,  the  Lippich-Landolt  to  yfo  of  a  degree;  but  since  the  adjustment  can 
be  made  finer  in  the  Lippich-Landolt  instrument,  the  readings  with  it  are  much 
more  accurate.  In  taking  the  reading  it  is  necessary  to  determine  how  many 
degrees  and  half  degrees  have  passed  the  zero  point  of  the  vernier;  let  this 
be  0°  30',  the  zero  point  of  the  vernier  being  between  this  reading  and  10°. 
It  is  next  necessary  to  determine  at  what  point  two  lines,  one  on  the  scale  and 
one  on  the  vernier,  coincide;  this  happens  to  be  the  twenty-fourth  line,  repre- 
senting 24  minutes.  The  total  reading  is  therefore  0°  54'.  As  a  source  of  light 
may  be  used  a  Laurent  lamp  (the  Landolt  model  is  better),  which  accompanies 
the  apparatus,  in  which  a  homogeneous  yellow  light  is  produced  by  the  vapori- 
zation of  sodium  chloride  (fused  to  avoid  decrepitation).    Beckmann*  has 
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Fig.  77. 

constructed  an  illuminating  gas-oxygen  lamp,  the  flame  of  which  is  colored 
yellow  by  electrolytically  decomposed  sodium  hydroxide  solution;  this  gives 
a  very  bright  light,  very  useful  for  dark-colored  liquids. 

1.  Measurement  and  Filling  of  the  Tubes.  According  to  the  transparency 
of  the  liquid,  longer  or  shorter  tubes  are  used;  they  are  measured  accurately 
to  dr  mm.    In  filling  and  closing,  the  formation  of  air  bubbles  is  to  be  avoided. 

2.  Determination  of  the  Zero  Point  This  is  the  position  of  the  nicol 
prisms  at  which  the  field  is  uniformly  illuminated;  the  zero  point  must  not  be 
confused  with  the  phenomenon  resulting  from  turning  the  prisms  into  the  less 

*  Chem.  Ztg.,  36,  5S7  (1912);  Ztschr.  f.  angew.  Chem.,  26,  1515  (1912). 
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sensitive  region  where  10-15°  do  not  appreciably  change  the  brightness.  The 
point  to  be  looked  for  is  the  sudden  change  from  bright  to  dark.  The  zero 
point  should  be  the  average  of  several  determinations. 

3.  Determination  of  the  Angle  of  Rotation.  After  determination  of  the 
zero  point  the  filled  tube  is  put  into  the  apparatus;  if  now  one-half  of  the  field 
appears  darker  than  the  other,  the  position  of  the  analyzer  is  determined  at 
which  the  field  appears  equally  illuminated.  The  difference  between  the 
average  of  several  readings  and  the  zero  point  previously  found  gives  the  angle 
of  rotation.  Which  direction  is  dextro  and  which  is  lsevo  must  be  determined 
by  testing  a  substance  of  known  rotation.    Generally  dextro  is  clockwise. 

4.  Determination  with  Dark  Oils.  If  the  oil  is  dark  colored,  so  that  the 
sodium  light  cannot  penetrate  it,  the  rotatory  power  is  determined  by  solution 
in  a  clear,  inactive  solvent,  like  naphtha,  benzol,  etc. 

5.  General  Directions.  To  avoid  heating  the  end  of  the  apparatus,  the 
lamp  should  be  at  least  10  cm.  distant.  The  determination  is  best  made  in  a 
darkened  room.  The  temperature  should  be  determined;  the  tubes  should 
be  left  in  the  apparatus  for  some  time  to  attain  the  temperature  of  the  sur- 
roundings. 

6.  Calculation  of  the  Specific*.  Rotation.  This  is  done  by  the  following 
formulas: 

Tri  «  it  r  i    -  <100>  <tt>      Til  ui»  -  (100)  («> 

lla]D'jjm   llla]D  «Hrtw    ll[]D  "10W" 

where 

[<x]d  ~  the  specific  rotation, 
a  =  the  observed  angle  of  rotation, 
I  =  length  of  the  liquid  in  decimeters, 
d  =  specific  gravity, 

p  =  grams  of  the  substance  in  100  grams  of  the  solution, 
c  -  grams  of  substance  in  100  c.c.  of  solution. 

Formula  I  is  used  for  oils  in  their  original  condition,  formulas  II  and  III  when 
a  solution  is  used.  The  influence  of  concentration  on  the  rotatory  power  of 
such  diluted  oils  has  not  yet  been  determined;  the  error  in  the  formula  can 
probably  be  neglected.  Generally  a  four  per  cent  solution  is  used  with  formula 
III. 

(b)  Index  of  Refraction.  This  is  generally  used  for  the  detec- 
tion of  rosin  oil  in  mineral  oil;  the  Abbe  refractometer  is  used  as 
described  on  page  321.  High-boiling  rosin  oils  have  a  refractive 
index  of  1.53-1.55,  rape  oil  1.472-1.474,  neat's-foot  oil  1.467-1.470 
at  18°  and  mineral  lubricating  oils  f  1.4755-1.517  (see  also  Tables 

77-82). 

*  Landolt,  Optische  Drehungsvermögen  organischer  Substanzen,  Braun- 
schweig. 

t  W.  Brauen,  private  communication,  June,  1907;  the  values  1.4755  to 
1.4890  refer  to  American  mineral  lubricating  oils  of  Engler  viscosity  4.3  to  18.6 
at  20°  and  specific  gravity  0.855-0.880  at  15°,  the  higher  values,  to  heavy 
machine  oils  of  viscosity  up  to  91  at  20°. 
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Chemical  Examination 
XII.  Acid  Content  and  Free  Alkali 

Acidity  of  mineral  lubricating  oils  is  generally  to  be  attributed 
to  the  presence  of  resinous  bodies  or  to  naphthenic  acids;  since, 
however,  the  molecular  weight  of  these  is  variable,  the  acidity  is 
given  in  terms  of  S03  (that  is  the  number  of  milligrams  of  S03 
equivalent  to  the  amount  of  KOH  used  to  neutralize  the  acidity 
of  100  grams  of  oil).  The  acid  number  is  the  number  of  milligrams 
of  KOH  necessary  to  neutralize  1  gram  of  oil.  The  relations  of 
the  different  units  used  are  as  follows:  1  per  cent  of  SO3  is  equiva- 
lent to  an  acid  value  of  14  or  equivalent  to  7.05  per  cent  of  oleic 
acid. 


Fig.  78. 

In  light-colored  refined  mineral  oils,  as  a  rule,  no  free  acid  or  at 
most  a  trace  (0.03  per  cent  calculated  as  S03)  is  found;  in  dark  oils, 
the  acidity  may  be  0.3,  rarely  0.5  per  cent,  but  as  a  rule  not  more 
than  0.15  per  cent  calculated  as  SO3.  Free  sulphuric  acid  and 
alkali  from  the  refining  process  are  rarely  found  in  lubricating  oils; 
they  are  detected  by  extraction  with  hot  water  and  then  deter- 
mined qualitatively  and  quantitatively  in  the  regular  manner. 
The  quantitative  determination  of  the  acidity  of  the  oil  by  titra- 
tion of  the  benzol-alcohol  solution  of  the  oil  or  the  alcohol  extract 
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is  carried  on  according  to  (a)  or  (6),  depending  on  whether  the  color 
change  of  the  indicator  in  the  solution  can  be  seen  or  not. 

(a)  With  Light-colored  Oils.  In  Fig.  79  the  pipette  B  has  a  capacity  of 
10  c.c.  from  the  stopper  to  the  mark ;  it  is  fitted  by  means  of  the  two-hole  rubber 
stopper  into  the  200  c.c.  Erlenmeyer  flask.  10  c.c.  of  oil  are  run  in,  the  traces 
washed  into  the  flask  with  a  neutralized  mixture  of  benzol  and  alcohol  (2  : 1), 

about  75  c.c.  being  necessary;  the  benzol  solution  should 
contain  *  alkali  blue  6  B  (Farbwerke  Höchst).  After 
adding  the  alkali  blue,  N/10  alcoholic  sodium  hydroxide 
(96  per  cent  alcohol)  is  added  till  the  blue  has  changed 
through  violet  to  red.  The  neutral  solvent  is  obtained 
by  titration  with  N/10  alkali  in  the  presence  of  alkali 
blue  6  B.  This  method  can  be  used  with  artificially 
colored  oils.  The  color  change  is  to  be  observed  always 
in  the  same  way  by  transmitted  light. 

(6)  With  Dark-colored  Oils.  20  c.c.  of  oil  are  shaken 
in  a  glass-stoppered  measuring  flask  with  40  c.c.  of 
neutralized  alcohol  (heating  may  be  necessary  with 
thick  oils).  After  standing  over  night,  one-half  of  the 
alcohol  layer  is  poured  off,  diluted  with  neutralized  96 
per  cent  alcohol  and  titrated  with  N/10  sodium  hy- 
droxide (alcoholic,  96  per  cent)  in  the  presence  of  alkali 
blue  6  B.  If  more  than  0.03  per  cent  of  acid  is  present,  the  oil  remaining  after 
pouring  off  the  rest  of  the  alcohol  is  shaken  with  a  fresh  40  c.c.  portion  of  alco- 
hol and  again  titrated  in  the  same  way.  The  sum  then  gives  the  total  acidity. 
If  an  error  of  0.01  is  allowed,  instead  of  making  many  extractions,  by  using 


Fig.  79. 


TABLE  33 
Corrections  for  Acidity  of  Dark  Mineral  Oils.    Per  Cent  SO» 


First  extraction 

0.015-0.026 
0.005 

0.062 
0.014 

0.005 
0.023 

0.127 
0.032 

0.157 
0.050 

0.175 
0.072 

0.027 
0.006 

0.069 
0.015 

0.097 
0.024 

0.133 
0.033 

0.159 
0.052 

0.177 
0.075 

0.029 
0.007 

0.073 
0.016 

0.099 
0.025 

0.139 
0.034 

0.161 
0.055 

0.179 
0.077 

0.030 
0.008 

0.077 
0.017 

0.102 
0.026 

0.145 
0.035 

0.163 
0.057 

•  •  •  • 

•  •  •  • 

0.032 
0.009 

0.081 
0.018 

0.105 
0.027 

0.147 
0.037 

0.165 
0.060 

•  •  •  • 

•  •  •  « 

0.033 
0.010 

0.085 
0.019 

0.108 
0.028 

0.149 
0.040 

0.167 
0.062 

•  •  •  • 

•  *  *  • 

0.040 
0.011 

0.089 
0.020 

0.112 
0.029 

0.151 
0.042 

0.169 
0.065 

■  ■  •  ■ 
•  ■  •  • 

0.047 
0.012 

0091 
0.021 

0.115 
0.030 

0.153 
0.045 

0.171 
0.067 

•  »  •  ♦ 

•  •  •  • 

0.054 

Correction 

0.013 

First  extraction 

0.093 

Correction 

0.022 

First  extraction 

0.121 

Correction 

0.031 

First  extraction 

0.155 

Correction 

0.047 

First  extraction 

0.173 

Correction 

0.070 

First  extraction 

Correction 

If  the  acid  content  of  the  first  extraction  is  more  than  0.2  per  cent,  a  second  and  a  third  extrac- 
tion must  be  made. 

♦  Loebell,  Chem.  Ztg.,  35,  276  (1911). 
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Table  33  the  empirically  determined  corrections  can  be  applied  to  the  results 
of  the  first  extraction. 

(c)  Qualitative  Test  for  Free  Mineral  Add  (free  sulphuric  acid  from  re- 
fining). 100  c.c.  of  oil  are  warmed  with  an  equal  volume  of  distilled  water 
and  well  shaken.  20-30  c.c.  are  pipetted  off  and  poured  through  a  filter  mois- 
tened with  distilled  water,  only  the  aqueous  layer  passing  through;  this  is  then 
tested  with  several  drops  of  methyl  orange  (0.3  gram  in  1  liter  of  water). 
Mineral  acid  causes  a  red  color  to  appear.  Free  alkali  is  demonstrated  in  the 
same  way  with  Phenolphthalein.  Another  aliquot  part  of  the  solution  can  be 
used  for  the  determination  of  the  water-soluble  materials,  such  as  glue,  soap, 
salt,  etc.  (see  page  169). 

Mineral  oils  to  which  soap  has  been  added  as  a  thickener  give  on  shaking 
with  water,  permanent  milky  emulsions;  these  show  an  alkaline  reaction  with 
Phenolphthalein  owing  to  the  hydrolysis  of  the  soap;  this  must  be  considered 
in  the  titration  of  the  free  alkali. 

(d)  Differentiation  of  Naphthenic  and  Fatty  Adds.  To  determine  if  the 
free  acids  present  in  an  oil  are  naphthenic  or  fatty  acids,  Davidsohn  *  uses 
the  solubility  of  the  alkaline  earth  salts  of  the  naphthenic  acids  in  hot  water. 
The  free  adds  are  first  separated  as  alkali  soaps  by  the  method  of  Spitz  and 
Honig  and  then  dissolved  in  water,  excess  of  magnesium  chloride  is  added 
and  the  precipitate  filtered.  The  filtrate  is  evaporated  on  a  water  bath  and 
several  drops  of  hydrochloric  acid  are  added;  a  white  precipitate  indicates 
naphthenic  adds. 

According  to  Schwarz  and  Marcusson  t  naphthenic  acids  have  a 
very  low  iodine  value  compared  with  fatty  acids.  Saponification 
value  87-157;  iodine  value  (Waller)  5.5-30.7;  soluble  to  clear 
liquid  in  naphtha  (boiling  below  50°);  sulphur  present.  See  page 
232. 

XIII.  Resin  Content 

(a)  The  Natural  Resins  of  Mineral  Lubricating  Oils.  Resi- 
nous bodies  are  found  in  unadulterated  mineral  oils  in  a  colloidal 
condition  as  may  be  seen  in  the  ultramicroscope.t  They  may  be 
classed  as  those  soluble  and  those  insoluble  in  70  per  cent  alcohol. 
The  alcohol-insoluble  materials  are  those  black  asphalt-  and  pitch- 
like bodies  found  in  all  dark  oils  (see  page  33) .  The  content  of 
alcohol-soluble  resins  in  light-colored  oils  is  generally  not  more 
than  0.6  per  cent;  in  dark  oils  not  more  than  1  per  cent;  in  poorly 
refined  oils  it  may  be  3.5  per  cent.  All  the  resins  are  soluble  in 
benzol  and  the  solutions  leave  on  evaporation  varnish-like  residues, 

*  Seifensiederzeitung,  1909,  Nr.  51/52. 
f  Mitteilungen,  27,  17  (1909). 

t  Holde,  Ztschr.  f.  Chem.  u.  Ind.  d.  Colloide,  1908,  274;  Zeit.  f.  angew. 
Chem.,  21,  6  (1908). 
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more  or  less  solid.  The  light-colored  resins  are  sometimes  com- 
pletely, sometimes  only  partially,  soluble,  in  petroleum  ether.  In 
alcohol-ether  (4  : 3)  and  (3:4),  the  resins,  soluble  in  70  per  cent 
alcohol,  dissolve  completely.  The  characteristic  reaction  for  colo- 
phony (red-violet  coloration  of  the  solution  in  1  c.c.  of  acetic  an- 
hydride on  the  addition  of  a  drop  of  sulphuric  acid  of  sp.  gr.  1.530) 
is  not  given  by  these  resins.  Many  of  these  resins  resemble  colo- 
phony in  their  physical  nature  and  their  property  of  forming 
foaming  soaps;  other  mineral  resins  show  a  neutral  character. 

The  resins  *  separated  from  light-colored  mineral  oils  by  re- 
peated extraction  with  70  per  cent  alcohol  have  a  higher  specific 
gravity,  a  higher  oxygen  content  and  a  higher  iodine  value  than 
the  original  oil.  A  convenient  method  for  separating  the  resinous 
substances  from  light-  as  well  as  dark-colored  oils  is  made  available 
by  the  fact  that  animal  charcoal  can  adsorb  the  resins  on  filtration 
and  give  them  up  again  later  to  the  proper  solvents.  If  100  grams 
of  oil  are  mixed  with  30-60  grams  of  animal  charcoal  and  medium 
fine  sand,  a  large  amount  of  the  oil  can  be  reobtained  by  extrac- 
tion in  a  Soxhlet  apparatus  with  naphtha  (boiling  below  50°),  a 
further  amount  with  ether.  The  part  insoluble  in  ether  is  soluble 
in  benzol  with  the  exception  of  a  residue  which  is  removed  from 
the  bone-black  with  chloroform.  If  now  the  properties  of  the 
separate  extracts,  in  the  order  mentioned,  be  compared  with  re- 
gard to  physical  constants,  iodine  value  and  elementary  composi- 
tion, there  will  be  observed  an  increase  in  specific  gravity  up  to 
1.0,  an  increase  of  viscosity  up  to  a  stringy  condition,  a  decrease 
in  carbon  from  85-86  to  81-82  per  cent  and  in  hydrogen  from  13 
to  8-9  per  cent,  a  gradual  increase  in  the  iodine  value  from  4r-6  to 
13-15,  and  an  increase  in  color  with  increasing  insolubility.  With 
the  decrease  in  carbon  and  hydrogen  there  is  an  increase  in  sulphur 
or  oxygen  content,  or  both  (the  original  oil  contained  traces  of  sul- 
phur and  0.3-1.4  per  cent  of  oxygen,  the  final  extracts,  1  per  cent 
of  sulphur  and  0.5-0.6  per  cent  of  oxygen).  As  a  consequence  it 
may  be  concluded  that  the  resins  contained  in  mineral  oils  were 
formed  by  condensation  or  polymerization  of  unsaturated  bodies 
with  the  addition  of  sulphur  or  oxygen,  or  both,  but  that  there 
are  still  present  some  unsaturated  bodies. 

(6)  Detection  of  Rosin  (Colophony).  The  resins  are  rarely 
added  to  mineral  oils  as  adulterants.    The  test  for  colophony 

*  Holde  and  Eickmann,  Mitteilungen,  25,  148  (1907). 


PETROLEUM  AND  PETROLEUM  PRODUCTS  147 

will,  however,  be  given  since  it  will  be  necessary  to  refer  to 
it  later. 

1.  Qualitative.  Colophony  would  be  revealed  in  mineral 
lubricating  oils  by  a  high  acidity.  An  acid  value  of  14  (corre- 
sponding to  1  per  cent  of  SOs)  is  equivalent  to  9  per  cent  of  colo- 
phony which  consists  principally  of  abietic  acid  *  (American  rosin) 
or  the  isomeric  pimaric  acid  (French  rosin).  Colophony,  accord- 
ing to  the  quantities  of  other  components  present,  has  an  acid 
value  of  146-170,  an  iodine  value  100-125,  a  saponification  number 
167-194. 

The  qualitative  test  for  rosin  (which  is  unnecessary  if  the  oil  is  free  from 
acid)  is  made  by  shaking  8-10  c.c.  of  oil  with  an  equal  volume  of  70  per  cent 
alcohol;  after  cooling,  the  solution  is  run  through  a  filter  moistened  with  70 
per  cent  alcohol  and  the  nitrate  evaporated.  In  the  presence  of  colophony 
the  residue  will  have  a  resinous,  but  not  oily,  consistency.  It  is  dissolved  cold, 
by  rubbing  with  a  glass  rod,  in  some  acetic  anhydride  and  then  a  drop  of 
sulphuric  acid  of  specific  gravity  1.53  added.  A  violet  color  is  obtained; 
this  must  be  looked  for  at  once  since,  on  standing,  the  color  changes  to  a  neutral 
brown  (Morawski  reaction).  The  residue  will  react  with  alcoholic  sodium 
hydroxide  with  the  formation  of  rosin  soap. 

2.  Quantitatively  the  determination  of  rosin  is  effected  in  the 
absence  of  oil  or  fatty  acid  by  extraction  with  caustic  soda  solution 
and  by  then  weighing  the  acids  precipitated  from  the  alkaline  ex- 
tract with  mineral  acid.  If,  for  example,  the  resin  is  to  be  deter- 
mined in  a  petroleum  residue  containing  pitch,  30  grams  should 
be  dissolved  in  200  c.c.  of  ether;  after  cooling,  200  c.c.  of  96  per 
cent  alcohol  are  added,  the  precipitated  asphaltic  bodies  being 
filtered  with  suction.  The  filtrate  is  then  evaporated,  the  residue 
dissolved  in  ether  and  the  resin  acids  precipitated  and  weighed  as 
on  page  148. 

If  fatty  oil  is  present,  the  mixture  is  treated  with  alcoholic  KOH,  lV.  ,.; 
the  mixture  of  rosin  and  fatty  acid  soaps  then  acidified  and  the  '  ^ v 
fatty  acids  esterified  with  alcoholic  HCl  (Twitchell),  the  rosin 
acids  being  thus  separated  from  the  main  mass  of  fatty  acids.  By 
changing  the  unesterified  fatty  acids  into  the  silver  salts  insoluble 
in  ether-alcohol  (Gladding),  the  rosin  acids  are  separated  from  the 
last  tracesof  the  fatty  acids  coming  from  theoriginal  saponifiable  fat. 

*  Abietic  acid  C*>HsoO«  can  be  obtained  pure  according  to  P.  Levy,  D.  R.  P. 
221,889  of  1908,  by  adding  to  a  cooled  alcoholic  solution  of  the  rosin  an  alco- 
holic solution  of  sodium  ethylate  thus  precipitating  the  sodium  salt  in  white 
needles,  which  are  dried  by  suction  and  dissolved  in  water.  By  adding  mineral 
acid,  the  free  abietic  acid  is  precipitated  and  then  purified  by  recrystallization 
from  methyl  alcohol  or  glacial  acetic  acid. 
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The  amount  of  the  sample  to  be  saponified  under  an  addition  of  25  c.c. 
of  benzol  free  from  sulphur  is  to  be  so  determined  that  the  weight  of  the 
fatty  and  rosin  acids  separated  will  be.  about  5  grams.  From  the  soap  solu- 
tions the  unsaponinable  matter  is  separated  by  the  method  of  Spitz  and 
Honig  (page  161).  The  evaporated  alkaline  solution  of  fatty  and  rosin  acids 
is  dissolved  in  water  and  treated  with  HCl;  the  separated  acids  are  extracted 
with  ether. 

(or)  Esterification.  The  acids  freed  from  ether  are  dissolved  in  50  c.c. 
absolute  alcohol  and  esterified  by  running  a  stream  of  dry  HCl  for  two  hours 
through  the  solution  cooled  to  0°  C.  with  ice  water.  The  rosin  acids  remain 
unesterified.  After  esterification  the  flask  is  allowed  to  stand  i  hour  at  room 
temperature,  the  contents  are  poured  into  5  volumes -of  water  and  boiled  for 
15  minutes  over  a  free  flame.* 

{ß)  Removal  of  the  Hydrochloric  Add.  The  cooled  solution  is  shaken  in  a 
separatory  funnel  with  100  c.c,  then  with  50  c.c,  portions  of  ethyl  ether  f  till 
no  more  colored  bodies  are  extracted. 

(y)  Extraction  of  the  Rosin  Acids.  The  united  ether  extracts  are  shaken 
with  50  c.c.  of  KOH  solution  (10  grams  KOH,  10  grams  of  alcohol,  100  c.c.  of 
water,  Twitchell).  The  brown  layer,  insoluble  in  water,  and  appearing  be- 
tween the  ether  and  the  KOH  solution,  is  run  off  with  the  latter;  it  contains  a 
considerable  amount  of  rosin  soaps  which  are  difficultly  soluble  in  the  alkaline 
solution.  The  ether  layer  is  then  well  washed  with  water  (this  must  be  several 
times  repeated  in  the  presence  of  fish  oil  acids  or  of  much  colophony  till  the 
water  is  colorless)  because  the  rosin  soaps  are  quite  soluble  in  this,  then  twice 
with  10  c.c.  of  KOH  and  finally  with  water  till  this  is  colorless.  The  combined 
aqueous  alkaline  extracts  are  shaken  with  50  c.c.  of  ether  to  remove  mechani- 
cally adhering  particles.  The  ether  layer  on  removal  is  shaken  with  5  c.c.  of 
KOH  and  the  extract  united  with  the  main  mass  of  alkaline  extracts. 

(3)  Decomposition  of  the  Rosin  Soaps.  The  united  alkaline  extracts  are 
acidified  and  shaken  with  50  c.c.  portions  of  ether;  the  combined  ether  extracts 
are  washed  with  20  c.c.  of  water  and  the  ether  is  evaporated.  The  rosin  acids 
thus  obtained  still  contain  some  unesterified  fatty  acid  but  are  weighed  after 
evaporation  of  traces  of  ether  on  a  water  bath.  The  creeping  of  the  ether 
solution  of  the  rosin  is  overcome  by  placing  the  dish  in  a  larger  vessel. 

*  A  simpler  method  is  that  of  Fahrion  (Chem.  Rev.,  18,  241  (1911))  in 
which  the  acids  are  dissolved  in  20  c.c.  of  absolute  alcohol,  20  c.c.  of  petroleum 
ether  and  1  c.c.  of  cone.  HCl  and  then  shaken  vigorously.  If  a  separation  into 
layers  results,  enough  alcohol  must  be  added  to  make  the  liquid  homogeneous 
again.    By  standing  over  night,  the  esterification  will  take  place  spontaneously. 

Another  method  is  that  of  Wolff  (Farbenztg.,  16,  323  (1910)).  5  grams  of 
mixed  acids  are  dissolved  in  15  c.c.  of  absolute  alcohol  and  then  a  mixture  (not 
cooled)  of  100  volumes  of  alcohol,  25  volumes  of  sulphuric  acid  and  0.5  gram  ' 
KHSO4  is  added.  After  10  minutes  boiling  under  a  reflux  condenser  10  vol- 
umes of  water  are  added;  the  fatty  acid  esters  and  rosin  acids  are  extracted 
with  ether  and  then  washed  free  from  mineral  acid. 

t  The  oxyacids  separating  in  the  ether  are  dissolved  in  a  little  alcohol 
(after  running  off  the  ether)  and  the  resulting  solution  is  added  to  the  ether. 
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(«)  Removal  of  Traces  of  Unesterified  Fatty  Adds  by  the  Method  of  Glad- 
ding. For  further  treatment  0.4-0.6  gram  of  the  acids  (weight  b)  is  dissolved  in 
a  100  c.c.  measuring  cylinder  (glass  stoppered)  in  20  c.c.  of  95  per  cent  alcohol. 
If  smaller  amounts  of  acid  are  obtained,  the  quantities  of  alcohol-ether  mix- 
tures are  correspondingly  altered.  With  larger  amounts  of  acids  the  entire 
product  obtained  is  dissolved  in  enough  95  per  cent  alcohol  so  that  20  c.c.  will 
contain  about  0.5  gram  of  acid. 

The  solution  thus  obtained  is  put  into  a  100  c.c.  measuring  flask  with  a  drop 
of  Phenolphthalein  (with  very  dark  solutions  3  drops  of  alkali  blue  6  B  are 
used)  and  enough  cone,  sodium  hydroxide  (1  part  NaOH,  2  parts  of  water) 
until  just  alkaline.  The  loosely  closed  cylinder  is  warmed  for  a  short  time  on 
a  water  bath,  allowed  to  cool,  ether  added  to  100  c.c,  the  mass  shaken,  1  gram 
of  dry  powdered  silver  nitrate  added  and  the  cylinder  again  shaken  15  minutes 
to  change  the  acids  to  the  silver  salts.  If  the  precipitate  of  the  silver  salts  of 
the  fatty  acids  has  settled  well  (if  necessary  allow  to  stand  over  night),  about 
70  c.c.  of  the  liquid  is  pipetted  into  another  100  c.c.  cylinder  (through  a  pleated 
filter  if  necessary).  This  part  is  shaken  with  20  c.c.  of  dilute  HCl  (1  part  con- 
centrated acid,  2  parts  of  water)  the  ether  layer  separated  and  the  aqueous 
layer  again  twice  extracted  with  20  c.c.  portions  of  ether.  The  united  ether 
extracts  are  shaken  with  20  c.c.  of  water  to  remove  acid,  separated  from  the 
water,  filtered  into  a  flask  and  the  main  mass  of  ether  is  evaporated.  The  resi- 
due of  about  10  c.c.  is  put  into  a  weighed  dish,  evaporated,  and  moisture  and 
traces  of  solvent  are  removed  by  short  heating  to  110-115°  till  the  residue 
has  become  clear  and  liquid. 

The  weight  of  the  residue  c  is  calculated  to  the  total  weight  used 
in  the  Gladding  method  as  follows  (only  70  c.c.  were  used) : 

,„(cH100) 

— 7n —  g1^1118  rosin  acids. 

This  value  d  gives  the  amount  of  rosin  acids  in  the  mixture  obtained 
by  the  method  of  Twitchell  and  the  amount  in  the  original  sample 
either  directly  or  by  simple  calculation.  From  d  is  obtained  the 
per  cent  e  of  rosin  acids  äs  follows: 

r  ^  (<*)  (100) 
a 

Since  the  amount  of  rosin  acids  e  still  contains  some  fatty  acids,  an 
average  correction  of  0.4  per  cent  should  be  subtracted. 

(f )  Unsaponifiable  Part  of  the  Colophony.  If  the  amount  of 
rosin  is  less  than  20  per  cent,  the  unsaponifiable  matter  may  be 
considered  as  8  per  cent  of  the  rosin  found.  The  average  rosin 
content  (/)  is  calculated  as  follows : 

f_(100)(e-0.4) 
3  92 
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In  the  presence  of  more  than  20  per  cent  of  rosin  it  is  advisable  to  directly 
determine  the  unsaponifiable  matter;  for  this  purpose,  the  ether  solution  of 
the  esters,  obtained  according  to  page  148,  after  complete  removal  of  the 
rosin  acids,  is  saponified  with  25  c.c.  of  normal  alcoholic  potash.  The  soap 
solution  is  treated  with  150  c.c.  of  water  and  twice  extracted  with  two  150  c.c. 
portions  of  ether.  The  main  mass  of  the  ether  is  distilled  off  and  the  rest 
evaporated  at  room  temperature  (since  at  higher  temperatures  other  sub- 
stances volatilize).  The  remaining  oily  residue  contains  only  a  trace  of  acid 
soaps;  this  is  removed  by  treatment  with  a  little  alcoholic  potash,  slow  evap- 
oration of  the  alcohol  and  extraction  with  petroleum  ether.  The  weight  of 
the  unsaponifiable  matter  purified  in  this  manner  is  calculated  to  100  parts  of 
the  substance  used  and  is  added  to  the  quantity  of  rosin  acids  (e  —  0.4)  pre- 
viously found. 

XIV.  Gumming  and  Oxidation  Tests  (Thin  and 

Thick  Films) 

(a)  Resinification.  Distilled  mineral  oils  (light  and  dark)  do 
hot  become  resinous  on  standing  for  months  at  50°  or  at  100°. 
After  35  hours  at  100°  practically  all  machine  oils  will  evaporate  if 
spread  out  in  thin  films.  Dark  oils  containing  considerable  quan- 
tities of  residues  resinify  to  some  extent  after  standing  for  a  long 
time  at  room  temperature  and  at  higher  temperatures  (50-100°) 
there  is  a  decided  thickening,  the  more  volatile  hydrocarbons 
escaping  to  a  large  extent.  Some  oxidation  and  some  polymeri- 
zation also  take  place,  the  pitch  and  asphaltic  bodies  being  con- 
centrated in  the  residue.  For  example  dark  oils  after  35  hours 
heating  in  a  thin  layer  became  gummy  and  dried  up,  while  at  50°, 
corresponding  more  to  actual  use,  they  became  only  more  viscous 
but  not  gummy;  rape  oil  under  the  same  conditions  dried  up 
almost  entirely.  The  tendency  to  become  resinous  is  made  less  by 
treatment  of  these  oils  with  naphtha  or  alcohol-ether  which  re- 
moves the  heavy  pitchy  and  asphaltic  materials.  The  determi- 
nation of  pitch  and  asphalt  in  dark  oils,  especially  in  the  case  of 
steam-cylinder  oils,  is  considered  helpful  since  these  are  exposed 
to  high  temperatures.     (See  page  33.) 

To  carry  out  the  resinification  test,  which  in  general  can  be  omitted  with 
mineral  oils,  one  drop  of  oil  is  spread  on  a  glass  plate  (5  X  10  cm.)  (machine 
oils  are  heated  to  50°,  steam-cylinder  oils  to  100°)  and  daily  observations  are 
taken  of  the  consistency  of  the  oil  layer  on  cooling. 

Spread  in  a  thick  film  (0.2  to  0.25  gram  of  oil  on  a  plate  75  sq. 
cm.  area)  light  lubricating  oil  distillates  show  no  tendency  to 
become  resinous  at  100°  while  high-boiling  colored  distillates  con- 
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taining  1-3  per  cent  of  resinous  material  will  become  gummy  on 
heating  for  9-15  months  at  100°.  Dark  oils  containing  residues 
give  with  the  above  test  after  a  few  months  gummy  residues,  after 
15  months  solid  resinous  or  pitchy  deposits. 

The  resins  remaining  after  heating  the  mineral  oils  are  insoluble 
or  only  slightly  soluble  in  naphtha;  in  benzol  they  are  completely 
soluble. 

(b)  Kissling's  Resinification  Constants.  Formerly  in  the 
lubrication  of  bearings  a  constant  stream  of  fresh  oil  replaced  that 
used  up  or  dropped  off;  in  the  newer  lubricating  devices  the  same 
oil  is  repeatedly  brought  in  contact  with  the  bearing,  so  that  there 
must  now  be  much  more  stringent  requirements  regarding  the 
stability  of  the  oils,  especially  with  steam  turbines,  where  the  oils 
are  subjected  to  high  temperatures  for  a  considerable  time.  For 
the  purpose  of  testing  the  changeability  of  oils,  Kissling  *  has  pro- 
posed four  new  tests  which  are  designed  to  determine  their  stability. 
These  give  the  tar  value,  coke  value,  tar-forming  value  and  coke- 
forming  value.  By  heating  the  oil  with  alcoholic  sodium  hydroxide 
and  then  acidifying,  a  certain  amount  of  tar,  which  can  be  extracted 
with  benzol,  is  obtained;  this  is  known  as  the  tar  value.  By  de- 
termining the  amount  of  material  insoluble  in  petroleum  ether 
after  separating  the  tarry  substances,  the  coke  value  is  obtained. 
Kissling  therefore  proposes  to  examine  oils  in  regard  to  their 
tendency  to  give  this  tar  value  and  coke  value  before  and  after 
heating  to  a  high  temperature,  the  difference  in  the  respective 
values  being  called  tar-forming  or  coke-forming  value  respectively. 

1.  Tar  Value.  50  grams  of  the  lubricating  oil  are  warmed  in  a  flask  with 
air  condenser  to  about  80°  with  50  c.c.  of  alcoholic  sodium  hydroxide  (50  grams 
alcohol  and  50  grams  of  a  7.5  per  cent  solution  of  NaOH  in  water)  and  then 
shaken  vigorously  and  continuously  for  5  minutes.  The  mixture  is  put  into  a 
separatory  funnel,  allowed  to  separate  hot,  and  then  after  cooling,  as  large  a 
part  as  possible  of  the  alkaline  solution  containing  the  tarry  matter  filtered; 
the  clear  solution  thus  obtained  is  acidified  in  a  separatory  funnel  and  extracted 
with  two  50  c.c.  portions  of  benzol.  The  benzol  is  evaporated,  the  residue 
weighed  and  the  weight  thus  obtained,  calculated  to  100  grams,  gives  the  tar 
value. 

2.  Coke  Value.  The  oil  freed  from  tar  by  shaking  with  sodium  hydroxide 
is  treated  with  500  c.c.  of  petroleum  ether  of  which  90  per  cent  must  distill 
between  30°  and  80°.  Allowed  to  stand  over  night  and  then  filtered,  the 
separated  coke  particles  are  caught  on  a  filter  paper,  dried  at  105°  to  constant 

*  Chem.  Zeit,  30,  932  (1906);  31,  328  (1907);  32,  938  (1908);  33,  521 
(1909). 
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weight  and  then  washed  with  petroleum  ether  to  remove  traces  of  oil;  by  wash- 
ing with  hot  water,  any  sodium  hydroxide  adsorbed  is  removed.  The  filter 
is  then  dried  at  105°  and  weighed,  this  weight  being  the  coke  value. 

3.  To  Determine  the  Tar-forming  and  Coke-forming  Values,  the  oil  is 
heated  50  hours  to  150°  and  then  the  tar  and  coke  values  are  determined  as 
in  (1)  and  (2). 

Kissling  found  the  sum  of  the  coke  and  the  tar  values  to  be  for 
Pennsylvania  oils  from  0.2  to  0.5;  for  Russian  oils,  1.2;  for  Texas 
oils,  2.2  to  2.8.  The  higher  these  values  run,  the  more  likely  it  is 
that  the  oil  will  change  during  use  (see  page  84,  Transformer  Oils). 

(c)  Oxygen  Absorption.  The  absorption  of  oxygen  from  air 
(or  pure  gas)  is  in  part  chemical  and  in  part  simple  solution. 

1.  Chemical  absorption  generally  takes  place  when  a  considerable  surface  is 
exposed.  0.3-0.5  gram  of  oil  is  spread  over  1.0-1.5  grams  of  ignited  pumice 
in  a  30-40  cm.  long  and  20-30  mm.  wide  ignition  tube  and  the  tube  then 
sealed,  enclosing  either  air  or  pure  oxygen;  it  is  then  heated  several  hours  to 
the  temperature  in  question  (100°);  the  point  is  then  opened  under  water 
(more  exactly  under  mercury)  at  about  20°  and  the  amount  of  oxygen  absorbed 
determined  (and  reduced  to  standard  conditions). 

The  chemical  absorption  of  oxygen  is  very  small  even  at  100°; 
two  samples  of  kerosene  (flash  points  109°  and  128°  in  the  Pensky) 
absorbed  no  oxygen  at  20°  and  with  three  hours  heating,  while  a 
paraffin  oil  (water  white  in  color)  of  flash  point  158°  and  Engler 
viscosity  5.9  absorbed  2.4  c.c.  per  gram.  In  the  case  of  kerosene, 
however,  the  absorption  of  even  very  small  amounts  of  oxygen 
may  cause  a  decided  decrease  in  the  quality  especially  under 
the  influence  of  direct  sunlight.  Regarding  the  oxygen  absorp- 
tion of  vaseline  see  page  205.  Under  the  above  conditions  the 
oxygen  absorption  in  the  case  of  fatty  oils  and  waxes  is  consider- 
able. Sperm  oil  absorbs  14-25  c.c.  of  oxygen  per  gram  at  100°, 
olive  oil  33-34,  raw  rape  oil  45-50  and  cottonseed  oil  69  c.c.  of 
oxygen. 

2.  Dissolved  oxygen,  accompanied  by  traces  of  nitrogen,  is  found  in  all  oils. 
The  former  specifications  requiring  oils  to  be  not  only  free  from  acid  and  resins 
but  also  free  from  free  oxygen  are  not  clear  in  the  light  of  the  statement  just 
made.  The  determination  of  free  oxygen  can  be  made  as  follows  (Figs.  80 
and  81): 

Carbon  dioxide  gas  is  passed  through  a  round-bottom  flask  con- 
taining 200  c.c.  of  oil  until  the  bubbles  of  gas  passing  into  the 
potassium  hydroxide  solution  of  specific  gravity  1.32  are  completely 
absorbed.    The  leading-in  tube  which  up  to  this  time  has  not  gone 
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Fig.  81. 
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below  the  surface  of  the  oil  is  now  pushed  below  the  surface  and 
the  oil  is  heated  to  100-150°.  The  gases  driven  from  the  oil  are 
pushed  by  the  carbon  dioxide  into  the  eudiometer  tube.  When 
again  only  carbon  dioxide  passes,  the  operation  is  finished.  After 
standing  two  hours  over  the  KOH,  the  gas  is  run  into  a  Hempel 
gas  burette  (Fig.  81)  BiB2  and  after  reading  the  volume,  run  into 
an  oxygen  absorption  pipette  filled  with  pyrogallol;  after  the 
oxygen  has  been  absorbed,  the  gas  volume  is  again  determined; 
the  difference  in  volume  is  oxygen.  The  volume  is  calculated  to 
0°C. 

Four  compressor  oils  examined  contained  in  100  c.c.  4-5  c.c.  of 
air  or  the  following  amounts  of  oxygen:  0.9,  1.1,  0.7,  1.4  c.c. 

XV.  Corrosive  Action 

(a)  Machine  Oils.  The  corrosive  action  of  mineral  oils  free 
from  acid  on  the  bearing  metal  is  practically  negligible.  Com- 
parative tests  are  made  as  follows: 

Weighed  polished  plates  of  the  metal  covered  with  oil  are  heated  for  a  long 
time  to  50°  and  protected  from  dust.  From  time  to  time,  after  cleaning  the 
plates  with  filter  paper  and  ether,  any  changes  in  appearance  and  weight  are 
determined.  The  corrosive  action  of  the  oils  on  cement  can  also  be  neglected 
unless  the  oil  contains  acid. 

(6)  Steam-cylinder  Oils.  The  lubricating  oils  attack  the 
metals  with  which  they  come  in  contact  only  when  they  contain 
fatty  oil  which  is  gradually  decomposed  under  the  action  of  the 
superheated  steam  into  fatty  acid  and  glycerine. 

To  determine  the  extent  of  the  corrosive  action  25-30  grams  of  oil  are 
placed  in  an  agate  dish  a  (with  a  loose  copper  cover),  resting  on  a  copper  tripod 

(Fig.  82)  together  with  a  polished,  weighed 
castriron  plate  (30  X  30  X  3  mm.) ;  the  whole 
arrangement  is  then  subjected  to  the  action 
of  superheated  steam  in  the  autoclave  A  (Fig. 
83).  The  alarm  clock  and  the  automatic  pres- 
sure regulator  keep  the  pressure  definitely  at  a 
certain  value  for  a  determined  time.  The  loss 
in  weight  of  the  plate  is  determined.  In  the 
residual  oil  the  amount  of  free  acid  may  be 
determined  in  so  far  as  it  has  not  been  changed 
to  iron  soaps.  The  time  of  experiment  is 
usually  4-6  hours;  if  at  that  time  no  corro- 
sion has  taken  place,  it  is  prolonged  to  10 

*^      *s~  hours. 

Fig.  82. 
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Table  34  gives  the  vapor  pressure  of  water  in  atmospheres  at 
different  temperatures. 


TABLE  34 
Vapor  Peessubbs  of  Water  in  Atmospheres 


*c. 

Atmospheres 

•a 

Atmospheres 

■a 

Atmoaphenso 

100 

1.0 

150 

4.7 

200 

15.4 

105 

1.2 

155 

5.4 

205 

17.0 

110 

1.4 

160 

8.1 

210 

18.8 

115 

1.7 

165 

6.9 

215 

20.8 

120 

2.0 

170 

7.8 

220 

22.9 

125 

2.3 

175 

8.8 

225 

25.1 

130 

2.7 

180 

9.9 

230 

27.5 

135 

3.1 

185 

11.1 

235 

2S.8 

3.6 
4.1 

190 
195 

12.4 
13.8 
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TABLE  35 

Corrosive  Action  of  Oils  on  Cast  Iron  under  the  Simultaneous 
Action  of  Steam  at  Ten  Atmospheres  Pressure 


No.  of 
sample 

Lom 

i  in  weight  (milligrams) 

Acid  content  of  oil 

Kind  of  oil 

of  the  plates  after  heating, 
hours 

Before 
heat- 
ing 

After  heating, 
hours 

2 

4 

6 

8 

10 

6 

8 

10 

Crude  rape  oil 

I! 
ii 

-0.6 

-1 

-2.4 

.  •  *  . 
•  .  *  . 

-12 
-16 
-0.6 

-0.6 
-2.7 
-4 

+0.2 
-1.4 

-9 
-7 
-9 

•  »  •  • 

-81 
-81 
-0.6 

-1 

-3.4 

-4 

-0.9 
-1.6 

■  •  *  • 

-60 
-68 
-42 

-224 
-197 

-276 
-217 
-    7 

-1 
-4 
-4 

0 

-1.4 
-6 

-183 
-160 

.... 

•  •  .  • 

•  •  .  • 

■  .  •  . 

-80 

•  ■  •  ■ 

•  *  •  . 

•  •  .  ■ 

•  «  ■  • 

•  •  ■  • 

-211 

•  .  ■  * 

•  •  .  * 

•  *  *  • 

.  •  *  • 

■  «  *  • 

■  «  •  • 
.  *  ■  * 

•  .  .  . 

.  •  •  • 

»  •  *  . 

•  •  ■  ■ 

0.86 
1.20 
1.20 

•  •■••• 

•  •••*■ 

0.36 
1.34 

1.0 

0.076 

1.28 

0 

36.7 

■  »  •  • 

•  •  *  . 

•  •  •  • 
.  .  •  • 

64.2 
69.1 
18.3 

•  •  •  • 

•  •  ♦  • 

•  •  .  • 
.... 

0.86 

60.6 
68.6 

.... 

•  *  .  • 

•  •  ■  • 

•  •  *  . 

•  •  •  • 

46.6 

•  •  •  ■ 

•  .  •  • 

.  *  •  • 

•  •  .  * 

74.0 

Thickened  or  condens- 
ed rape  oil 

Refined  rape  oil 

«  •  •  • 

•  .  •  ■ 

•  .  •  • 

•  •  •  • 

•  *  •  • 

•  •  •  • 

90  parte  dark  mineral  oil,  10 
parte  fatty  oil 

Mineral  spindle  oil 

Mineral  wagon  oil 

2  volumes  mineral  oil ) 

1  volume  rape  oil } 

Cylinder  oil  (mineral)  with  20 
per  cent  rape  oil. 

Mineral  cylinder  oil  with  6  per 
cent  of  bone  oil 

•  •  •  ♦ 

•  •  «  • 

(c)  Corrosive  Action  on  Cement  and  Concrete.  Cement  and 
concrete  are  resistant  to  the  action  of  tars  and  mineral  oils.  Con- 
crete reservoirs  for  mineral  oils  have  been  found  satisfactory; 
fatty  oils  on  the  other  hand  have  a  decomposing  action  on  cement 
and  concrete.* 

XVI.  Moistubk 

Qualitative.  Water  may  generally  be  detected  in  light-colored  oils  through 
the  cloudiness  which  is  evident  after  shaking  the  sample;  after  heating  for 
some  time  on  a  water  bath  the  cloudiness  will  disappear  and  not  return  on 
cooling  (differing  in  this  respect  from  paraffin  particles,  or  stearin  particles  in 
fatty  oils).  For  a  more  exact  test  3-4  c.c.  of  oil  are  heated  in  a  test  tube  (the 
walls  of  which  have  been  thoroughly  wet  by  the  oil)  in  a  bath  of  liquid  paraffin 
up  to  160°  (with  steam  cylinder  oils  up  to  180°).  Oils  containing  water  show 
a  tendency  to  form  emulsions  on  the  walls,  foaming  and  bumping.  One  or 
another  of  these  phenomena  may  fail  when  only  traces  of  water  are  present. 

*  Tonindustrie-Ztg.,  1912,  Nr.  100. 
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It  is  said  that  traces  of  water  can  be  detected  in  light-colored  oils  (naphtha, 
kerosene,  paraffin  oil,  etc.),  by  heating  with  anhydrous  cupric  sulphate,  a  green 
or  blue  color  appearing  (see,  however,  page  22). 

(b)  Quantitative  Determination.  10-12  grams  of  the  well-mixed  oil  are 
heated  on  a  water  bath  with  stirring  until  the  foam  on  the  surface  has  dis- 
appeared; if  the  oil  contains  much  water  3-5  grams  mixed  with  10-15  grams 
of  oil,  dried  with  calcium  chloride  and  then  filtered,  are  used.  At  the  same 
time  an  approximately  similar  amount  of  dehydrated  oil  is  heated  till  the  foam 
disappears.  After  cooling,  the  loss  in  weight  of  the  original  oil  minus  the  loss 
in  weight  of  the  dehydrated  oil  gives  the  amount  of  water  in  the  original  oil. 
With  non-volatile  steam-cylinder  oils  the  blank  test  may  be  omitted. 

The  method  for  crude  oils  described  on  page  23  may  be  used  for  lubrica- 
ting oils  containing  much  water  as  well  as  easily  volatile  substances.  The 
latter  method  has  been  found  useful  in  the  examination  of  cylinder  oils  refined 
by  the  Friesdorf  oil  separator. 

XVII.  Ash 

This  determination  is  generally  unnecessary  if  the  oil  is  com- 
pletely soluble  in  naphtha  or  in  benzol  and  if  the  aqueous  and  the 
hydrochloric  acid  extracts  of  the  oil  show  no  appreciable  residue 
on  evaporation.  In  a  more  exact  examination  of  the  lubricating 
oil  a  determination  of  the  ash  is  necessary.  Imperfectly  purified 
oils  generally  contain  small  amounts  of  alkali  soaps  (0.1-0.2  per 
cent  of  ash),  which  is  made  evident  by  their  hydrolysis  on  shaking 
the  oil  with  water  or  alcohol  containing  Phenolphthalein,  a  red 
color  appearing.  Refined  machine  oil  should  contain  at  the  most 
0.01  per  cent  of  ash  (cylinder  oil,  0.1)  which  should  not,  however, 
contain  any  alkali  (see  page  145). 

20-30  grams  of  oil  are  carefully  heated  in  a  porcelain  crucible  or  platinum 
dish  till  on  touching  with  a  small  flame  the  surface  will  catch  fire;  the  heat- 
ing is  then  continued  with  a  small  flame  until  only  carbonaceous  material 
remains,  which  is  then  ashed  and  the  residue  is  weighed.  If  the  carbon  does 
not  easily  burn,  a  stream  of  oxygen  passed  over  it  during  heating  will  quickly 
bring  this  about. 

With  light-colored  oils  the  danger  that  some  of  the  ash  will  be 
carried  away  by  the  combustion  products  of  rapid  burning  is 
overcome  as  follows: 

A  9  cm.  filter  paper  (ash  free)  is  rolled  together  and  dipped  into  the  oil  as  a 
wick  and  is  then  ignited  when  saturated;  it  may  be  supported  by  means  of  a 
platinum  wire  wrapped  around  it  and  hung  over  the  crucible.  In  this  way 
most  of  the  oil  will  burn  and  finally  the  residue  is  ashed  by  direct  heating  of 
the  dish;  this  requires  3-4  hours.  Oils  containing  water,  which  foam  on  heat- 
ing, can  be  easily  ashed  in  this  way.  Dark  asphaltic  oils  cannot  be  burned  in 
this  manner  since  the  filter  soon  carbonises  and  the  flame  is  extinguished. 
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By  another  method*  the  oil  is  heated  in  a  porcelain  crucible,  with  a  nickel- 
gauze  about  halfway  up  to  separate  the  oil  from  the  vapors,  and  a  glass  fun- 
nel fastened  over  the  crucible  to  catch  ash  particles  which  might  fly  away; 
the  oil  is  heated  slowly,  ignited,  burned  till  carbonized  and  then  ashed. 

XVIII.  Addition  of  Soap 

To  increase  the  consistency  of  mineral  oils,  aluminum  and  alkali 
soaps  are  added  in  many  cases,  the  latter  in  order  to  give  the  power 
of  emulsifying  with  water  (see  Water-soluble  Oils). 

(a)  Qualitative  Detection.  The  presence  of  alkali  soaps  is 
shown  by  the  formation  of  white,  slimy  emulsions  on  shaking  with 
water.  These  fine  emulsions  may  be  distinguished  from  the  cloudi- 
ness caused  by  shaking  oils  containing  mucin  with  water,  by 
the  fact  that  on  the  addition  of  Phenolphthalein  a  red  color  will 
appear  because  of  the  hydrolysis  of  the  soap;  furthermore  by  treat- 
ment with  mineral  acids  the  emulsion  immediately  disappears 
because  of  the  decomposition  of  the  soaps.  In  the  hydrochloric 
acid  solution  sodium  and  potassium  can  be  detected  as  usual. 
Ammonium  soap  is  detected  in  the  original  oil  through  its  spon- 
taneous decomposition  into  ammonia  and  fatty  acids  (see  page 
198).  Calcium  and  aluminum  soaps  are  detected  by  testing  the 
hydrochloric  acid  extract  of  the  oil  for  aluminum  and  for  calcium. 

(6)  Quantitative  Detection.  By  this  method  the  fatty  acids 
are  liberated  by  the  addition  of  mineral  acid;  if  these  fatty  acids 
are  not  soluble  in  water,  the  mineral  acid  can  be  washed  out.  The 
total  amount  of  fatty  acids  can  then  be  determined;  by  subtracting 
from  this  the  amount  of  acid  originally  present  in  the  oil  the 
amount  equivalent  to  that  combined  in  the  soap  is  determined. 
If  the  base  of  the  soap  is  determined  in  the  mineral  acid  extract 
and  the  molecular  weight  of  the  separated  fatty  acids  is  known,  it 
will  be  possible  to  calculate  the  amount  of  soap  in  the  original  oil. 

10  c.c.  of  oil  are  shaken  in  a  separatory  funnel  with  100  c.c.  of  ether  and 
an  excess  of  hydrochloric  acid;  the  lower  aqueous  layer  is  run  off  and  twice 
extracted  with  30  c.c.  portions  of  ether,  the  ether  solutions  being  then  united 
and  washed  first  with  concentrated  Glauber  salt  solution  and  then  twice  with  a 
little  distilled  water  (to  break  up  emulsions,  the  amount  of  ether  is  increased 
or,  without  shaking  the  liquid,  a  small  amount  of  alcohol  is  run  in)  till  the  wash 
liquid  no  longer  gives  a  red  color  with  methyl  orange.  With  light-colored  oils, 
80  c.c.  of  neutral  alcohol  are  added  and  the  free  acid  directly  titrated  in  the 
customary  manner  (page  144).    With  dark  oils,  the  ether  is  distilled  off;  the 

*  Petrol,  5, 1464  (1910). 
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residue  is  put  into  a  cylinder  with  20  c.c.  of  hot  alcohol  and  after  separating 
the  oily  and  alcoholic  layer,  the  acidity  of  the  latter  is  determined  (page  144). 

The  nature  of  the  basic  radical  is  determined  in  both  light  and 
dark  oils  in  the  acid  extract  of  the  oil.  The  fatty  acids  are  set  free 
in  the  manner  explained  on  page  161  and  their  molecular  weight 
determined. 

Example.  If  the  molecular  weight  of  the  fatty  acids  is  300  and 
if  2  per  cent  of  fatty  acid  (calculated  as  S03)  is  present  as  soap  and 
if  the  basic  radical  has  been  found  to  be  calcium  the  amount  of 

/(M-l) 
calcium  soap  Ca  v  can  be  calculated  as  follows  (M  is  the 

N(M-1) 

molecular  weight  of  the  acids). 

x  :2  ::638  :80. 

x  =  15.87  grams  calcium  soap  in  100  grams  of  fat.  In  the  equation 
638  is  the  molecular  weight  of  the  calcium  soap  and  80  that  of 
the  equivalent  of  SOs.    For  sodium  soap  the  expression  would  be 

x  :  2::  322  :40. 

If  the  amount  of  soap  is  under  5  per  cent,  the  average  molecular 
weight  of  300  can  be  used  in  the  calculations. 

Using  the  above  principle,  the  amount  of  soap  in  an  oil  can  be 
determined  by  titration  of  a  naphtha  solution  of  the  oil  with  N/2 
hydrochloric  acid  in  the  presence  of  methyl  orange;  other  sub- 
stances attacked  by  the  acid  should  not  be  present. 

1  c.c.  of  acid  used  is  equivalent  (when  10  c.c.  of  oil  are  used)  to  0.218  per  cent 
of  fatty  acid  present  as  soap  (calculated  as  SOs).  As  a  check  the  soap  may  be 
gravimetrically  determined  by  determining  the  weight  of  basic  radical  in  the 
acid  extract  and  by  determination  of  the  molecular  weight  of  the  fatty  acids. 

(c)  Emulsiflcation  Test.  Steam-cylinder  oils  should  not  con- 
tain any  soap-like  components  as  these  would  cause  the  steam  to 
form  emulsions  with  the  oil,  which  instead  of  lubricating  would, 
under  such  conditions,  be  carried  away  with  the  condenser  water. 
The  following  test  is  therefore  useful: 

10  c.c.  of  oil  and  10  c.c.  of  water  are  shaken  at  85°  for  1  minute  in  a  20  mm. 
wide  test  tube.  An  oil  is  considered  as  non-emulsifying  if  it  separates  after 
standing  one  hour  at  85°  and  if  a  layer  less  than  1  mm.  thick  has  formed  be- 
tween the  oil  and  water;  and  as  weakly  emulsifying,  if  a  2  mm.  layer  forms. 
If  the  oil  does  not  separate  from  the  water  or  if  a  layer  thicker  than  2  mm. 
forms,  it  is  emulsifying.    Care  must  be  used  in  interpreting  the  result. 
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XIX.  Content  op  Fatty  Oil 

(a)  Qualitative  Test.  Fatty  oils  can  be  detected,  by  the 
method  of  Lux,  in  liquid  or  easily  melted  lubricants  through  the 
formation  of  soaps  on  heating  the  oils  with  sodium  or  sodium  hy- 
droxide. The  Holde  and  Ruhemann  modification  is  carried  out 
as  follows: 

3-4  c.c.  of  oil  should  be  heated  in  a  test  tube  with  sodium,  or  its  hydroxide 
for  15  minutes  in  an  oil  bath  (light-colored  oils  to  230°,  dark  oils  to  250°).  In 
light  oils,  i  per  cent  and  in  dark  oils,  2  per  cent  of  fatty  oil  can  be  detected  by  the 
gelatinization  or  the  formation  of  soap  suds  (or  both  phenomena  may  occur) 
on  cooling  the  samples.  One  per  cent  of  fatty  oil  in  cylinder  oils  can  be  detec- 
ted in  this  way.  A  blank  test  with  sodium  is  unnecessary  if  it  is  sufficient  to 
detect  1-2  per  cent  of  fatty  oil.  It  must  be  remembered  that  gelatinization 
can  take  place  without  foaming  when  rosin  or  naphthenic  acids  are  present 
(see  page  144).  In  that  case,*  the  acids  are  to  be  separated  according  to  Spitz 
and  Honig  (see  page  161)  and  then  characterized  by  the  iodine  number,  saponi- 
fication value,  solubility  in  naphtha  and  by  sulphur  content. 

(6)  Quantitative  Determination*  1.  Volumetric  Determina- 
tion of  the  Saponification  Value.  The  saponification  value  is  the 
number  of  milligrams  of  KOH  necessary  for  the  saponification 
of  1  gram  of  oil. 

According  to  the  amount  of  fatty  oil  suspected  to  be  present  4-10  grams  of 
the  sample  and  25  c.c.  of  benzol  free  from  sulphur  are  boiled  for  J  hour  with  25 
c.c.  of  N/1  alcoholic  potash  under  a  reflux  condenser  and  the  excess  of  alkali  is 
titrated  with  N/2  hydrochloric  acid  after  adding  50  c.c.  of  neutralized  absolute 
alcohol.  The  addition  of  benzol  facilitates  the  action  of  the  alkali  on  the  fat. 
All  vessels  should  have  been  previously  rinsed  with  neutralized  alcohol.  A 
blank  test  with  the  alkali  is  carried  on  with  each  determination.  The  method 
of  calculation  is  shown  by  the  example.  Example:  Amount  of  substance  used 
10  grams;  in  the  blank  test  46.85  c.c.  of  N/2  HCl  were  required;  with  the  oil 
43.30  c.c.  were  required  to  titrate  back;  3.55  c.c.  of  alkali  were  thus  required 
to  saponify  the  fat.    But  1  c.c.  of  N/2  HCl  is  equivalent  to  28.237  milligrams 

of  KOH.    The  saponification  value  is  therefore  — — ~T~ —    or  10. 

For  the  fatty  oils  added  to  mineral  oils  the  saponification  value 
may  be  taken  as  185,  for  mineral  oils  it  is  zero;  if  therefore  a 
saponification  value  of  92.5  is  found  50  per  cent  of  oil  is  present, 
if  the  saponification  value  is  found  to  be  18.5  then  10  per  cent  of 
fatty  oil  is  present.  In  general  the  per  cent  of  fatty  oil  may  be 
calculated  from  the  saponification  value  by  the  proportion 

185  :  100  : :  saponification  value  :  per  cent  of  fatty  oil. 
*  Schwarz  and  Marcuason,  Mitteilungen,  87,  17  (1909). 
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If  only  the  amount  of  neutral  fat  and  not  the  amount  of  fatty 
acid  is  to  be  determined,  in  each  case  the  amount  of  KOH  neces- 
sary to  neutralize  the  free  acid  in  the  oil  is  to  be  subtracted 
from  the  saponification  value.  If  wool  fat  or  sperm  oil  have  been 
added  (or  similar  waxes),  these  being  generally  detected  by  their 
odor,  the  saponification  values  of  these  substances  (pages  441 
and  443)  should  be  used. 

The  volumetric  determination  of  the  amount  of  fatty  oil  is  exact 
only  when  the  saponification  value  of  the  added  fatty  oil  is  known; 
more  exact  is  the  following: 

2.  Gravimetric  Method  of  Spitz  and  Honig.  The  fatty  oil  is 
changed  to  soap  soluble  in  alcohol;  the  unsaponifiable  matter  is 
extracted  with  naphtha. 

(a)  In  the  Absence  of  Waxes.  10  grams  of  the  sample,  25  c.c.  of  benzol 
and  25  c.c.  of  2  N  alcoholic  potash  are  boiled  under  a  reflux  condenser  for  1 
hour;  the  mixture  is  then  treated  with  25  c.c.  of  water  and  again  boiled.  After 
cooling,  the  soap  solution  is  transferred  to  a  separatory  funnel  washing  the 
last  portions  into  the  funnel  with  50  per  cent  alcohol  and  about  50  c.c.  of  low- 
boiling  naphtha  (30-50°);  after  shaking  and  settling,  the  alcoholic  solution  is 
run  off.  The  soap  solution  is  shaken  with  50  c.c.  portions  of  naphtha  until  the 
last  extract  on  evaporation  gives  no  oily,  but  at  most,  traces  of  a  soapy  residue. 
The  united  naphtha  extracts  are  three  times  shaken  with  15  c.c.  portions  of  50 
per  cent  alcohol  to  which  has  been  added  a  trace  of  alkali;  this  alcohol,  after 
having  been  shaken  once  with  naphtha,  is  added  to  the  soap  solution.  The* 
naphtha  solution  is  evaporated  and  the  residue  heated  to  dryness  on  a  water 
bath  in  a  weighed  dish  till  all  odor  of  the  solvent  has  disappeared.  If  the 
residue  should  contain  a  few  drops  of  water,  it  is  stirred  up  with  5-8  c.c.  of 
absolute  alcohol  and  heated  till  all  odor  of  alcohol  has  disappeared,  the  alcohol 
being  evaporated  when  the  bubbles  of  foam  on  the  surface  have  disappeared. 
It  is  then  dried  for  5-minute  periods  at  100°  till  constant  in  weight  to  1-2 
milligrams.  The  difference  between  the  weight  of  the  mineral  oil  separated 
and  the  weight  of  the  original  oil  gives  the  weight  of  the  fatty  oil. 

If,  for  example,  a  mixture  of  fatty  oil  with  a  volatile  mineral  oil  is  under 
examination  (as,  for  example,  a  mixture  of  rape  and  kerosene  oils  used  for  lan- 
terns), the  drying  of  the  unsaponifiable  matter  according  to  the  method  of 
Spitz  and  Honig  may  cause  a  loss  of  material.  In  such  a  case  after  distilling 
off  the  main  quantity  of  naphtha,  the  dish  with  the  residue  is  heated  until  no 
more  bubbles  escape,  the  cooled  dish  being  weighed  after  standing  for  a  short 
time.  According  to  Holde  it  is  also  possible  to  mix  the  oil  mixture  with  a 
definite  weight  (10  grams)  of  ceresine,  this  being  then  heated  to  constant 
weight  on  the  water  bath;  the  ceresine  holds  back  the  volatile  kerosene. 

In  the  presence  of  large  amounts  of  unsaponifiable  oil  or  difficultly  saponi- 
fiable  fat  (tallow,  etc.,)  it  is  better  to  test  the  unsaponifiable  matter  for  fat  by 
the  method  of  page  160  and  if  necessary,  an  aliquot  part  is  again  treated  to 
obtain  the  completely  purified  unsaponifiable  matter.    The  difference  between 
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original  weight  of  oil  and  the  unsaponifiable  matter  is  the  amount  of  fatty  oil 
plus  the  amount  of  fatty  acids. 

After  evaporating  off  the  alcohol  from  the  soap  solution,  the  residue  can 
be  used  for  a  qualitative  and  quantitative  examination  of  the  fatty  acids  (see 
below). 

(/9)  In  the  Presence  of  Wool  Fat  and  Waxes.  In  the  presence  of  these 
substances  the  higher  alcohols  obtained  from  these  bodies  are  separated  with 
the  unsaponifiable  matter.  They  are  separated  from  the  unsaponifiable 
matter  by  two  hours  digestion  with  acetic  anhydride;  the  alcohols  are  esterified 
and  pass  into  the  acid  solution  and,  after  being  washed  with  acetic  anhydride 
into  a  separatory  funnel,  are  separated  from  the  mineral  oil.  Some  of  the 
mineral  oil  (3-5  per  cent)  passes  into  solution  along  with  the  esters  and  must 
be  considered  in  the  calculation.  Since  wool  fat  and  waxes  themselves  con- 
tain varying  amounts  of  hydrocarbons  (10-53  per  cent)  and  since  the 
saponification  of  the  wool  fat  when  boiled  with  alcoholic  potash  is  probably 
incomplete,  it  follows  that  a  quantitative  analysis  of  mineral  oil  in  the  pres- 
ence of  wool  fat  or  waxes  must  be  only  an  approximation. 

(c)  Determination  of  the  Nature  of  the  Fatty  OiL  The  alcoholic  aqueous 
soap  solution  obtained  by  the  method  of  Spitz  and  Honig  is  evaporated  till 
the  odor  of  alcohol  disappears,  dissolved  in  a  little  water  and  treated  with  an 
excess  of  dilute  sulphuric  acid  in  the  presence  of  ether  in  a  separatory  funnel. 
The  acid  layer  is  run  off  and  the  resulting  fatty  acid  solution  is  washed  with 
cone.  Glatfber's  salt  solution  and  twice  with  distilled  water  till  the  wash  water 
does  not  turn  methyl  orange  red.  The  ether  is  dried  for  a  short  time  with 
calcium  chloride,  filtered  and  distilled  and  the  residual  fatty  acids  are  dried 
5  minutes  at  105°.  Insoluble  oxy-acids  separate  between  the  acid  and  ether 
solutions  or  on  the  walls  of  the  separatory  funnel. 

From  the  presence  of  oxy-acids,  which  occur  in  large  amounts  in 
castor  oil,  in  oxidized  or  blown  oils  and  in  fish  oils  (page  354)  con- 
clusions may  sometimes  be  drawn  regarding  the  nature  of  the 
sample  of  oil.  The  insoluble  oxy-acids  are  isolated  by  decantation 
or  filtration  with  subsequent  solution  in  alcohol.  The  acids  soluble 
in  ether,  after  sufficient  drying,  are  examined  as  to  their  iodine 
value,  molecular  weight  (see  page  341)  and  melting  point.  From 
these  data  the  nature  of  the  oil  is  determined  according  to  page 
358.  In  cases  of  doubt  the  origin  of  the  oil  (whether  animal  or 
vegetable)  is  determined  by  the  method  of  pages  338  and  341. 

XX.  Added  Unsaponifiable  Oils 

(a)  Rosin  Oil.  1.  General.  In  the  distillation  of  colophony 
from  retorts  there  is  obtained  (besides  the  volatile,  mobile  rosin 
spirit  or  pinolin)  a  heavy  rosin  oil  boiling  above  300°.  Crude  rosin 
oil  contains  (besides  at  times  as  much  as  30  per  cent  of  acid  rosin, 
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mechanically  carried  over)  hydrocarbons,*  mainly  retene.  Crude 
and  refined  rosin  oils  are  used  as  transformer  oils,  in  making  wagon 
greases,  in  cutting  lubricating  oils  and  varnishes  and  in  the  prep- 
aration of  water-soluble  oils.  Because  of  their  tendency  to  res- 
inify  (in  thin  layers  they  become  solid  or  sticky  after  24  hours) 
rosin  oils  are  considered  to  be  poor  lubricants.  As  the  following 
table  shows,  they  evaporate  more  easily  than  do  mineral  lubri- 
cating oils  and  consequently  the  flash  point  of  rosin  oils  is  lower 
than  with  mineral  oils.  They  can  be  easily  distinguished  from 
mineral  oils  by  their  characteristic  odor  and  taste. 


TABLE  36 

Loss  on  evaporation  in  per 
cent  after  heating 

Flash  point,  *C. 

5  hours  at 
100° 

2  hours  at 
170° 

Pensky 

Open 
vessel 

Heavy  rosin  oil 

Mineral  spindle  oil 

Mineral  machine  oil. . . 

0.4  -0.8 

0.05-0.10 
0.06-0.13 

5.6-7.4 
0.5-1.8 

0.6-1.05 

109-146 

177-203 
(one  oil  121) 

188-195 
(one  oil  126) 
(one  oil  139) 

148-162 
189-213 

205-221 

2.  Color  Reactions  (a).  On  shaking  equal  volumes  of  oil  and  of  sulphuric 
acid  of  specific  gravity  1.6,  the  mixture  assumes  a  red  color,  the  acid  separating 
with  a  blood  red  color.  By  means  of  this  reaction  1  per  cent  of  rosin  oil  can  be 
recognized;  very  carefully  purified  rosin  oils  give  the  reaction  only  faintly  or 
not  at  all. 

08)  If  1  c.c.  of  oil  and  1  c.c.  of  acetic  anhydride  are  shaken  vigorously, 
the  acid  layer  separated  and  1  drop  of  sulphuric  acid  of  specific  gravity  1.53 
added  to  this  acid  layer,  a  violet  color  will  develop  in  the  presence  of  rosin  oiL 
(Storch-Liebermann  reaction.)  This  reaction  is  sharper  than  the  one  just 
given  but  is  also  caused  by  rosin.  In  the  presence  of  free  rosin,  rosin  oil  is 
detected  by  methods  3  to  7  as  well  as  by  its  odor. 

If  rosin  oil  by  itself  or  in  carbon  disulphide  solution  is  shaken  with  tin  tetra- 
chloride (according  to  Allen  tin  bromide  is  better),  a  violet  color  will  develop. 

3.  Solubility  in  Alcohol  and  in  Acetone.  Of  rosin  oil,  50-100 
per  cent  is  soluble  in  two  volumes  of  absolute  alcohol,  of  mineral 
lubricating  oils  only  2-15  per  cent,  of  lighter  oils  as  much  as  35  per 

*  Chem.  Ztg.,  24,  1105  (1900);  Arch.  f.  Pharm.,  1903,  523-545.  * 
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cent  is  soluble.  Rosin  oil  is  miscible  in  all  proportions  with  ace- 
tone; mineral  oil  requires  several  times  its  own  volume  to  dis- 
solve it. 

4.  The  Index  of  Refraction  of  rosin  oils  at  18°  is*  1.535-1.550, 
of  mineral  lubricating  oils  generally  1.490-1.507,  while  American 
light  machinery  oils  of  specific  gravity  0.852-0.880  have  the  index 
of  refraction  1.476-1.489  (determination  of  Dr.  Brauer). 

5.  Optical  Rotatory  Power.  Mineral  oils  rotate  very  little; 
[<x]d  is  at  most*  +3.1°,  often  it  is  zero.  With  rosin  oils,  however, 
[<x]d  is  +30°  to  +50°;  with  oils  from  which  the  acid  has  been  re- 
moved, the  rotatory  power  may  drop  to  +23°. 

6.  The  Specific  Gravity  of  rosin  oils  is  0.97-1.00,  with  mineral 
lubricating  oils,  0.84O-0.940,  as  a  rule  0.880-0.915  at  +15°. 

7.  The  Iodine  Value  of  rosin  oils  is  43-48,  with  mineral  oils 
generally  under  6,  rarely  over  14;  with  crack  distillates,  it  may  run 
decidedly  higher,  up  to  70. 

If  from  method  2  rosin  oil  may  be  suspected,  the  properties  men- 
tioned under  3-7  are  determined  with  the  original  oil  and,  if  neces- 
sary, also  with  the  alcohol-soluble  portion  of  the  oil;  this  extract 
should  show  the  properties  of  the  rosin  oil  to  a  still  stronger  degree. 

8.  Quantitative  Determination  of  Rosin  Oil  Mixed  with  Mineral  Oil. 
According  to  Storch,  10  grams  of  oil  free  from  fat  are  gently  warmed  with  50 
grams  of  96  per  cent  alcohol  and  shaken.  The  decanted,  cooled  liquid,  after 
washing  the  remaining  mineral  oil  with  some  96  per  cent  alcohol,  is  put  into  a 
weighed  Erlenmeyer  flask  and  freed  from  alcohol  by  heating  on  a  water  bath. 
The  residue  A  is  weighed  and  treated  with  10  parts  by  weight  of  alcohol;  the 
rosin  oil  is  thus  dissolved,  the  solution  then  evaporated  and  the  residue  weighed 
(B).  The  mineral  oil  dissolved  in  B  is  calculated  as  follows:  If  to  dissolve  the 
10  grams  of  substance  a  grams  of  alcohol  were  used,  and  if  for  the  solution  of 
A,  b  grams  were  required,  then  a  —  b  grams  of  alcohol  will  dissolve  A  —  B 

grams  of  mineral  oil;  therefore  6  grams  of  alcohol  dissolve  — ^-r  (b)  grams  of 

mineral  oil;  this  amount  is  to  be  subtracted  from  the  weight  B,  to  obtain  the 
correct  amount  of  rosin  oil. 

9.  Qualitative  Detection  of  Heavy  Mineral  Oil  Mixed  with  Rosin  Oil.  A 
simple  test  for  mineral  oil  when  mixed  with  rosin  oil  (according  to  Valenta) 
consists  in  shaking  2  c.c.  of  oil  with  20-22  c.c.  of  a  mixture  of  91  parts  by  weight 
of  alcohol  and  1  part  of  chloroform.  If  a  cloudiness  develops,  due  to  the  for- 
mation of  oily  drops,  or  if  an  oily  layer  separates,  then  mineral  oil  is  present. 

Mineral  oil  has  no  characteristic  reactions,  the  solubility  tests 
giving  no  sharp  indication  of  the  presence  of  small  amounts  (under 

*  Rakusin,  Chem.  Ztg.,  28,  574  (1904). 
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15  per  cent)  of  oil.  For  a  more  certain  recognition  of  small 
amounts  of  mineral  oils  there  is  used  the  method  of  Holde,  depend- 
ing on  the  difference  in  solubility  of  mineral  and  rosin  oils  in  alcohol, 
and  in  the  index  of  refraction. 

10  c.c.  of  oil  are  shaken  in  a  glass-stoppered  measuring  cylinder  with  90  c.c. 
of  96  per  cent  alcohol  at  room  temperature.  The  presence  of  traces  of  undis- 
solved material  is  of  no  significance.  (Case  I.)  If  considerable  amounts  of 
oil  remain  undissolved  (Case  II)  the  presence  of  mineral  oil  may  be  at  once 
suspected.  This  suspicion  is  confirmed  by  allowing  the  mixture  to  stand  (over 
night)  and  examining  the  separated  oil,  after  washing  with  a  little  alcohol,  in  a 
refractometer  to  determine  its  index.  In  the  presence  of  mineral  oil,  the  index 
of  refraction  is  less  than  1.5330  at  18°.  In  this  case,  as  in  Case  I,  the  separated 
oil  can  be  further  treated  and  tested. 

In  Case  I  the  alcoholic  solution  is  treated  with  water  till  a  milky  cloudiness 
results.  After  standing  over  night,  the  clear  solution  is  poured  off  from  the 
oil  drops  which  should  not,  however,  occupy  more  than  1  c.c;  the  residue  still 
clinging  to  the  oily  drop  is  washed  with  96  per  cent  alcohol  and  then  the  oil 
is  dissolved  in  20  c.c.  of  96  per  cent  alcohol  at  room  temperature.  By  adding 
water  to  this  solution  a  cloudiness  again  results  and  oil  is  separated  (not  more 
than  0.1  c.c);  this  is  washed  with  alcohol  and  then  transferred  to  a  small 
dish.  After  evaporation  of  the  alcohol  and  cooling  of  the  drop  to  room  tem- 
perature, the  refractive  index  is  determined.  If  this  is  under  1.5330,  then 
mineral  oil  may  be  assumed  to  be  present. 

(6)  Coal-tar  Oils.  The  oils  in  question  are  dark  oils  obtained 
by  pressing  anthracene;  they  can  be  recognized  by  the  following 
properties: 

Their  specific  gravity  is  over  1.0,  they  are  completely  soluble  in 
alcohol  at  room  temperature,  their  odor  is  that  of  creosote  and 
sulphuric  acid  (cone.)  dissolves  them  with  the  formation  of  water- 
soluble  materials.  They  react  violently  with  cone,  nitric  acid 
(sp.  gr.  1.45),  often  explosively,  with  the  formation  of  nitro  de- 
rivatives. Their  viscosity  is  low  (at  20°,  from  2.29  to  4.6  Engler 
degrees). 

Coal-tar  oils  as  well  as  other  tar  oils  give  the  diazobenzol  reac- 
tion for  phenols  recommended  by  Graefe. 

The  oil  is  boiled  with  N/1  aqueous  sodium  hydroxide  and  the  alkaline 
extract  (filtered  if  necessary)  is  treated  cold  with  diazobenzol  (freshly  prepared 
by  the  addition  of  potassium  nitrite  to  a  solution  of  anilin  hydrochloride  cooled 
with  ice);  in  the  presence  of  phenol  or  creosote-containing  oils  an  intense  red 
color  will  develop  (see  also  page  222). 

To  distinguish  coal-tar  oils  from  mineral  oils  the  Valenta  *  test 

*  Chem.  Ztg.,  30,  266  (1906). 
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is  useful.    This  depends  on  the  fact  that  benzene  hydrocarbons,  as 

they  occur  in  coal-tar,  are  soluble  in  dimethyl  sulphate  while  crude 

oil,  naphtha,  kerosene,  mineral  oil  and  rosin  oil  remain  undissolved. 

In  a  measuring  cylinder  a  definite  amount  of  oil  is  shaken  with  1.5-2  vol- 
umes of  dimethyl  sulphate  for  1  minute  and  after  separation  of  the  layers  the 
difference  in  volume  is  observed.    (Danger!  Dimethyl  sulphate  is  poisonous!) 

Graefe  *  found  that  this  method  gave  almost  theoretical  values 
with  mixtures  of  high-boiling  coal-tar  and  mineral  oils;  only  in  the 
case  of  low-boiling  petroleum  distillates  is  there  a  decided  solubility 
in  dimethyl  sulphate,  and  with  lignite  tar  oils  a  constant  error  of 
10  per  cent  results.  This  difference  in  solubility  might  allow  a 
separation  of  coal-tar  and  lignite-tar  oils. 

(c)  High-boiling  Lignite  Tar  Oils.  (See  page  272.)  These 
have  an  odor  like  creosote  and  a  specific  gravity  0.89-0.97,  22-62 
per  cent  being  soluble  at  room  temperature  in  two  volumes  of 
alcohol.  They  contain  considerable  amounts  of  sulphur  (see  page 
275),  and  react  more  vigorously  with  nitric  acid  of  specific  gravity 
1.45  (because  they  contain  considerable  amounts  of  unsaturated 
hydrocarbons  with  iodine  values  up  to  70),  than  do  mineral  oils, 
but  less  vigorously  than  do  the  coal-tar  oils;  they  have  as  a  rule 
an  Engler  viscosity  of  1.6-3.0  at  20°  (rarely  as  much  as  30). 
Nearly  all  give  the  diazobenzol  reaction. 

(d)  Beech-wood  Tar  Oil  is  recognized  by  its  peculiar,  pene- 
trating, characteristic  odor;  its  specific  gravity  is  close  to  1.0.  It 
is  completely  soluble  in  alcohol,  like  coal-tar  oils.  A  sample  of  a 
grease  for  hoisting  ropes  showed  a  specific  gravity  of  0.991,  an 
Engler  viscosity  of  228  at  20°,  a  flash  point  of  84°  and  contained  20 
per  cent  of  viscous  mineral  oil  and  80  per  cent  of  beech-wood  tar, 
added  as  a  preservative;  the  latter  was  separated  from  the  mineral 
oil  by  extraction  with  alcohol. 

XXI.  Dissolved  Rubber 

Unvulcanized  rubber  t  has  been  added  in  small  amounts  (1-2 
per  cent)  to  lubricating  oils  to  increase  their  viscosity  and  slipperi- 
ness;  the  rubber  may  generally  be  recognized  by  the  stringiness 
of  the  oil  but  this  must  not  be  confused  with  the  very  similar 
phenomena  exhibited  when  soaps  are  present. 

Tests  made  with  a  Martens  oil-testing  machine  gave  a  mean  fric- 
tional  coefficient  of  235  (rape  oil  =  100).    With  pressures  of  10  to 

*  Chem.  Rev.,  14,  112  (1907). 

t  Colemann,  Eng.  Patent  of  Dec.  30,  1870;  Ber.,  4,  812  (1871). 
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25  kilograms  per  square  centimeter,  disturbance  of  lubrication  was 
observed;  with  pressures  of  35  to  80  kilograms  per  square  centi- 
meter the  lubrication  was  incomplete;  the  temperature  of  the  bear- 
ings rose  rapidly  although  the  machine  was  working  under  the 
most  favorable  conditions,  that  is,  with  complete  lubrication 
through  immersion  in  a  bath  of  oil.  Although  the  oil  during  the 
test  was  at  times  completely  removed  from  the  shaft  it  was  not 
lost  since  it  returned  again  to  the  bath  because  of  its  stringiness. 
Heated  to  100°,  the  oil  lost  its  stickiness  and  stringiness  but  re- 
gained these  properties  on  cooling;  the  cooled  oil  had  an  Engler 
viscosity  of  78  at  20°.  However  on  heating  to  150°  and  cooling, 
the  rubber  did  not  at  once  separate  from  the  oil  on  treatment  with 
alcohol-ether  (3:4);  but  on  gently  heating,  a  brown  flocculent 
precipitate  of  the  rubber  substance  appeared.  The  oil,  after  cool- 
ing and  treatment  with  ether-alcohol  (1  : 1),  gave  a  cloudy  solution 
which  was  no  longer  stringy  and  sticky  and  was  decidedly  more 
mobile  (Engler  viscosity  at  20°  was  46.5) ;  in  other  words  a  deep- 
seated  transformation  had  taken  place  both  as  to  physical  proper- 
ties and  as  to  precipitability  from  ether  (depolymerization  of  the 
rubber).  Experiments  carried  on  under  the  same  conditions  as 
above  with  some  of  the  oil  from  which  the  rubber  had  been  removed 
gave  a  frictional  coefficient  of  113  (rape  oil  100)  with  no  disturbance 
of  the  lubrication  up  to  pressures  of  145  kg.  per  square  centimeter. 
The  oil  free  from  rubber  showed  the  normal  properties  of  pure, 
heavy  mineral  machine  oils. 

Advances  have,  however,  been  made  in  the  preparation  of  such 
oils  so  that  it  is  possible  to  obtain  oils  of  almost  every  consistency, 
which  also  behave  nprmally  on  the  oil-testing  machine.* 

(a)  Precipitation  in  Ether  Solution  by  Means  of  Alcohol.  A  solution  of 
10  grams  of  oil  in  20  c.c.  ether  is  treated  with  enough  alcohol  (say  40  c.c.)  to 
effect  sufficient  precipitation  of  rubber  and  yet  not  cause  a  separation  of  oil. 
(Soaps  which  might  be  precipitated  by  the  alcohol  are  first  to  be  decomposed 
by  hydrochloric  acid,  the  acid  and  resultant  chlorides  being  washed  out,  before 
the  alcohol  is  added.)  After  standing  for  some  time,  the  rubber  will  settle  and 
it  can  then  be  filtered,  washed  with  alcohol-ether  (1:2),  dried  and  weighed. 

(6)  Method  of  Budde  as  Modified  by  Hinrichsen-Kindscher.t 
In  place  of  the  method  of  Budde  t  the  Materialprüfungsamt  has 
worked  out  the  following  provisional  method  which  is  not  yet  final. 

*  D.  R.  P.  55,109,  Oct.,  1895,  W.  H.  Lepenau,  Salzbergen, 
t  Hinrichsen,  Materialprüfungswesen,  Springer,  Berlin. 
X  Gummi  Ztg.,  24,  4  (1909). 
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Most  of  the  oily  matter  can  be  separated  from  the  rubber  by  one  treatment 
with  acetone.  0.1  gram  of  the  residue  is  dissolved  in  chloroform,  10  c.c.  of  a 
bromine  solution  (containing  5  c.c.  of  bromine  in  100  c.c.  of  chloroform)  are 
added  and  the  mixture  is  allowed  to  stand  5  hours  in  ice  water.  It  is  then 
transferred  to  a  beaker,  being  washed  into  this  with  chloroform.  Three  to 
four  volumes  of  naphtha  are  added  quickly  and  the  precipitate  is  filtered  at 
once.  The  precipitate  is  washed  with  alcohol  till  white  and  the  washings 
appear  colorless.  The  washing  is  then  continued  with  hot  water,  then  with 
alcohol  and  ether.  The.  dry  filter  is  fused  with  a  mixture  of  sodium  and  potas- 
sium carbonates  without  heating  the  material  above  redness.  The  fused  mass 
is  dissolved  in  water  and  acidified  cold  with  nitric  acid,  silver  nitrate  is  added, 
the  solution  heated  to  boiling,  the  precipitate  collected  on  a  paper  and  the 
silver  bromide  determined  as  usual.  The  amount  of  rubber  is  calculated  from 
the  amount  of  bromine  found  by  multiplication  with  0.425  (319.7  Br  is  equiva- 
lent to  136.1  of  rubber  Cl0Hw). 

XXII.  Antifluorescents  and  Perfumes 

The  fluorescence  or  bloom  of  mineral  oils  is  generally  overcome 
by  the  addition  of  nitronaphthalene,  an  unpleasant  odor,  by  nitro- 
benzol.  The  latter  is  easily  recognized  by  its  odor  of  bitter 
almonds.  Yellow  anilin  colors  are  also  used  to  cover  the  fluores- 
cence but  generally  are  easily  recognized  by  their  color. 

The  almost  odorless  nitronaphthalene  is  detected  as  follows: 

(a)  Preliminary  Tests.  The  sample  (1-2  c.c.)  after  boiling  (1.5  min.)  with 
2-3  c.c.  of  approximately  2  N  alcoholic  potassium  hydroxide  gives  a  blood  red 
to  violet  color  because  of  the  reduction  of  the  additions  to  azo-bodies;  in  this 
test  the  drops  clinging  to  the'  side  of  the  tube  above  the  liquid  are  immediately 
colored  red  violet,  if  the  glass  walls  are  momentarily  heated  by  waving  the 
flame  over  them.  Fish  oils  give  a  blood  red,  all  other  oils  only  a  brown  yellow 
or  a  red  brown,  color. 

(6)  If  the  preliminary  test  indicates  the  presence  of  nitronaph- 
thalene, the  following  method  is  tried;  it  depends  on  the  complete 
reduction  of  the  nitronaphthalene  to  naphthylamine  by  nascent 
hydrogen. 

Several  cubic  centimeters  of  oil  are  reduced  in  an  Erlenmeyer  flask  by  heat- 
ing for  5-10  minutes  with  tin  and  hydrochloric  acid  in  the  presence  of  a  piece 
of  platinum  as  a  catalyzer;  the  resultant  acid  solution  will  contain,  besides 
unchanged  material  and  stannous  chloride,  some  of  the  hydrochloride  of 
naphthylamine.  This  acid  solution  is  carefully  separated  from  the  fatty 
layer,  freed  from  emulsified  oil  drops  by  filtration  and  is  then  treated  with  so 
much  sodium  or  potassium  hydroxide  in  a  separatory  funnel  that  the  precipi- 
tated tin  hydroxide  is  redissolved.  After  cooling,  the  solution  is  extracted  with 
ether  to  remove  the  naphthylamine  which  is  recognizable  in  the  free  state  by 
its  odor;  the  naphthylamine  gives  a  violet  tinge  to  the  ether.    From  this  solu- 
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tion  it  is  obtained,  by  evaporation  of  the  solvent,  in  the  form  of  a  violet  solid 
of  strong  odor.  Treated  with  a  few  drops  of  hydrochloric  acid,  a  partially  in- 
soluble salt  is  obtained  which,  on  complete  evaporation  of  the  acid,  gives  a 
clear  solution  with  water;  on  adding  ferric  chloride  a  deep  blue  precipitate  forms; 
this  precipitate,  filtered,  assumes  a  purple  color,  while  the  filtrate  is  violet. 

XXIII.  Glue  and  Other  Substances  Soluble  in  Water 

Animal  glue,  from  imperfectly  glued  barrels,  is  sometimes  found 
in  oils  though  only  in  traces. 

100  grams  of  oil  are  shaken  with  100  c.c.  of  boiling  water  in  an  Erlenmeyer 
flask;  after  separation  of  the  oily  and  aqueous  layers,  an  aliquot  part  of  the 
water  solution,  which  contains  the  glue  and  the  soap,  is  filtered  and  evaporated 
to  dryness  on  a  water  bath  in  a  weighed  dish  (an  aliquot  part  of  the  aqueous 
layer  is  tested  with  methyl  orange  for  free  mineral  acid,  see  page  144).  If 
there  is  any  residue  and  it  appears  to  be  glue  from  its  odor  on  heating  a  por- 
tion, it  is  treated  with  5-8  c.c.  of  hot  absolute  alcohol  to  extract  the  alkali 
soaps,  the  glue  being  left.  The  residue  is  weighed;  it  gives  a  characteristic 
odor  on  heating  on  a  platinum  foil  and  an  aqueous  solution  gives  a  precipi- 
tate when  tannic  acid  is  added.  Alcohol  also  precipitates  glue  from  its  water 
solution. 

Sodium  sulphate  which  occasionally  causes  a  cloudiness  in 
mineral  oils  can  be  detected  by  the  test  with  barium  chloride. 

XXIV.  Suspended  Substances 

« 

(a)  Accidental  Mechanical  Impurities  can  be  seen  in  light- 
colored  oils  by  inspection;  in  dark  oils  they  can  be  detected  by 
pouring  through  a  sieve  of  £  mm.  mesh  and  then  washing  the  latter 
with  ether. 

For  a  quantitative  determination  (see  also  page  23)  5-10  grams  of  oil  are 
dissolved  in  100  c.c.  of  benzol;  the  solution  after  standing  over  night  is  poured 
through  a  filter  paper;  the  paper  is  washed  with  benzol  till  the  filtrate  on 
evaporation  leaves  no  residue.  The  residue  on  the  paper  is  then  dried  at  105° 
and  weighed. 

The  impurities  in  a  large  quantity  of  oil  can  be  determined  by  filtration 
through  a  sieve  on  which  the  coarser  particles  like  sand  will  accumulate.  The 
sieved  oil  is  warmed  on  a  water  bath,  allowed  to  stand  over  night,  the  main 
mass  of  oil  decanted  and  the  rest  dissolved  in  benzol  and  treated  as  just  de- 
scribed. On  the  paper  are  collected  all  impurities,  including  any  sand  (which 
of  course  would  be  very  harmful  in  a  lubricant). 

(6)  Asphalt  (Benzol-soluble)  may  be  present  in  suspension 
in  dark  oils,  together  with  insoluble  mechanical  impurities.    The 
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asphalt  must  be  determined  in  filtered  and  in  unfiltered  oil,  accord- 
ing to  page  34;  the  difference  is  the  amount  of  suspended  asphalt. 
In  a  similar  manner,  the  alcohol-ether  insoluble  suspended  asphalt 
may  be  determined  (pages  34  and  35). 

(c)  Vaseline,  Paraffin,  Soap,  etc.  Besides  the  substances 
mentioned,  there  may  be  suspended  in  mineral  oils  some  vaseline, 
paraffin  particles,  iron  soaps,  etc.  The  nature  of  these  substances 
is  determined  after  filtration.  If  the  residue  on  ignition  leaves 
iron  oxide,  iron  soaps  may  have  been  present;  fatty  acids  are 
separated  by  mineral  acid. 

XXV.  Dissolved  Asphalt  and  Dissolved  Paraffin 

These  may  be  considered  as  normal  components  of  mineral 
lubricating  oils.  The  dark  oils  are  colloidal  solutions  (in  high- 
boiling  hydrocarbons)  of  the  asphalt  contained  in  the  crude  oil  or 
formed  in  the  distillation. 

The  determination  of  asphalt  is  important  in  many  cases  (page 
36)  since  its  presence  causes  resinification  and  clogging  of  bearings 
and  lubricating  canals  and  may  cause  the  formation  of  cylinder 
deposits;  consequently  in  some  specifications  limits  have  been  set 
as  to  the  amount  of  asphalt  (insoluble  in  naphtha)  permissible  in 
railway  and  cylinder  oils.  The  amount  insoluble  in  alcohol-ether 
is  specified  only  in  a  few  cases  (see  pages  180  to  183).  The 
majority  of  samples  examined  in  the  Materialprüfungsamt  con- 
tained less  than  1.7  per  cent  of  asphalt  insoluble  in  alcohol-ether; 
only  in  rare  cases  did  it  reach  3.5  per  cent.  Asphalt  is  determined 
as  described  on  page  34;  but  a  determination  is  required  only  in 
the  most  careful  analyses. 

XXVI.  Ceresine 

Small  amounts  of  ceresine  are  sometimes  added  to  steam-cylin- 
der oils,  liquid  at  room  temperatures,  in  order  to  obtain  a  salve- 
like consistency;  it  may  be  detected,  in  case  the  oil  is  not  too  dark, 
by  the  formation  of  a  light-colored  precipitate  on  adding  3  parts  of 
alcohol  to  4  parts  of  the  ether  solution  of  the  oil.  The  white  pre- 
cipitate is  to  be  filtered,  purified  by  washing  with  alcohol-ether 
and  the  melting  point  determined  in  a  capillary  (it  generally  melts 
between  66°  and  71°).  An  exact  quantitative  method  has  not  yet 
been  worked  out. 
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XXVII.  Degree  op  Purification 

This  is  generally  sufficiently  determined  by  the  previous  tests 
for  acid,  alkali,  etc.  A  well-purified  lubricating  oil  should  be  clear 
and  transparent,  should  deposit  no  precipitate  on  standing  for 
some  time,  nor  should  one  form  when  the  temperature  is  changed; 
it  should  contain  no  water,  particles  of  rosin,  sodium  sulphate  or 
dissolved  soaps. 

The  following  is  recommended  by  the  International  Committee 
on  the  Unification  of  Petroleum  Analysis: 

Inorganic  salts  are  determined  in  the  aqueous  extract  from  100  c.o.  of  oil. 
The  presence  of  soap  in  pure  mineral  oil  is  shown  by  the  permanent  emulsion 
and  faint  alkaline  reaction  of  the  aqueous  extract,  in  which  the  qualitative 
detection  of  alkali  soap  is  made  as  follows:  in  a  test  tube  15  mm.  wide,  0.5  c.c. 
of  lye  (sp.  gr.  1.005)  are  heated  to  boiling.  An  equal  volume  of  oil  is  then 
added  and  the  mixture  heated  to  boiling;  the  mass  is  kept  in  a  boiling  water 
bath  for  2-3  hours.  The  oil  must  be  clear  in  the  absence  of  naphthenic  acids 
and  the  alkaline  extract  must  appear  transparent  so  that  small  type  is  visible 
through  it.  Cloudiness  points  to  a  content  of  salts  of  naphthenic  acids,  in 
which  case  the  ash  must  be  determined. 

Lissenko  and  Stepanoff  recommend  the  following  leeching 
method: 

5  c.c.  of  1.5  per  cent  sodium  hydroxide  are  shaken  with  10  c.c.  of  oil  for  2-3 
minutes  at  80°;  the  mixture  is  kept  2-3  hours  at  70°.  The  formation  of  a  skin 
of  soap  indicates  insufficient  purification.  The  soap  is  formed  from  the  free 
naphthenic  acids  which  are  neutralized  and  separated  in  the  presence  of  the 
dilute  alkali. 

The  test  depending  on  the  hydrolysis  of  the  soap  on  heating 
with  water  is  sharper. 

20  c.c.  of  oil  are  well  shaken  in  a  corked  test  tube  with  10  c.c.  of  water  and 
several  drops  of  Phenolphthalein  and  then  heated  to  70-80°  on  a  water  bath 
and  allowed  to  cool.  After  30-40  minutes  the  oil  separates  from  the  water ; 
the  aqueous  layer  is  pink  if  it  contains  alkali  soap.  It  is  assumed  of  course 
that  free  alkali  (which  is  recognized  in  the  alcoholic  extract  of  the  oil  by  adding 
Phenolphthalein)  is  absent. 

The  emulsion  test  of  page  159  has  recently  been  advised  since 
oils  which  have  not  been  carefully  freed  from  sodium  salts  (alkali 
salts  of  sulpho-acids)  easily  escape  from  the  cylinders  with  the 
steam  and  condensed  water  and  thus  cause  a  large  waste  of  ma- 
terial and  disturbance  in  using  the  condenser  water  again. 
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XXVIII.  Sulphub,  Chlorine  and  Nitrogen 

The  customary  qualitative  and  quantitative  organic  methods 
may  be  used  but,  as  a  rule,  they  are  not  applied  industrially  since 
the  traces  present  have  no  effect  on  the  lubricating  quality  of  the 
oil.  There  are  cases  of  scientific  importance  where  it  may  be 
necessary  to  take  them  into  account. 

(a)  Qualitative  Tests.  1-2  grams  of  oil  with  a  piece  of  sodium  are  heated  to 
redness  in  a  test  tube.  The  residue,  in  the  presence  of  sulphur,  gives  a  purple 
violet  color  with  sodium  nitroprusside  in  aqueous  solution,  a  dark  stain  when 
placed  on  a  silver  coin,  and  a  black  precipitate  with  lead  acetate  when  con- 
siderable is  present  (a  brown  coloration  in  the  presence  of  traces). 

To  test  for  nitrogen,  the  aqueous  extract  of  the  residue  obtained  by  heating 
with  sodium,  after  adding  a  few  drops  of  ferrous  and  of  ferric  solutions,  is 
boiled  a  few  moments  and  then  acidified;  prussian  blue  will  form  but  if  an 
excess  of  concentrated  acid  is  present  small  amounts  of  the  precipitate  may 
dissolve  with  a  complete  disappearance  of  the  color.  In  the  presence  of 
traces  of  nitrogen  instead  of  a  blue  precipitate  a  green  solution  will  form. 
Quiet  standing  facilitates  the  settling  of  the  precipitate  but  pouring  through 
a  small  filter  will  collect  it  and  allow  easy  detection. 

In  fats  free  from  nitrogen,  chlorine  may  be  found  in  the  ignition  residue  by 
solution  in  nitric  acid  and  precipitation  with  silver  nitrate.  If  the  fat  contains 
nitrogen,  1  gram  of  fat  is  gradually  added  to  a  platinum  or  porcelain  crucible 
containing  a  melted  mixture  of  saltpeter  and  sodium  carbonate  (1:1),  both 
substances  being  free  from  chlorine.  After  complete  combustion  of  the  sub- 
stance, the  residue  is  allowed  to  cool,  dissolved  in  water,  acidified  with  nitric 
acid,  nitrous  acid  expelled  by  heating  and  silver  nitrate  then  added. 

(6)  Quantitative  Determination  of  Nitrogen.  This  is  only  of 
scientific  importance,  the  methods  of  Dumas  and  of  Ejeldahl  being 
used. 

(c)  Quantitative  Determination  of  Sulphur.  Sulphur  may  be 
determined  by  adding  0.5-1.0  gram  of  substance  to  a  mixture  of 
1  part  of  soda  and  1  part  of  saltpeter;  with  oils  containing  much 
sulphur,  it  may  be  determined  by  the  method  of  Hempel-Graefe 
(page  225),  by  burning  the  substance  in  oxygen  (see  pages  40 
and  41)  or  by  combustion  in  a  bomb  or  by  oxidation  with  nitric 
acid  by  the  method  of  Rothe.  In  every  case  the  sulphur  is 
weighed  as  barium  sulphate  which  is  precipitated  and  treated  as 
usual. 

The  method  of  Eschka-Bothe  *  was  worked  out  for  the  determi- 

*  Oesterr.  Ztsehr.  f.  Berg.-u.  Hüttenwesen,  22,  111;  Mitteilungen,  9,  107 
(1891). 
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nation  of  sulphur  in  coal  but  is  applicable  to  the  substances  under 
consideration. 

1  gram  of  substance  is  mixed  in  a  platinum  crucible  with  1.5  grams  of  a  mix- 
ture of  2  parts  of  MgO  and  1  part  of  anhydrous  soda  of  known  sulphur  content 
and  heated  to  redness  with  the  crucible  in  an  inclined  position;  the  carbon 
will  be  burned  in  one  hour,  if  the  mass  is  stirred  occasionally  with  a  spatula. 
The  residue  is  treated  in  a  beaker  with  bromine  water  and  dilute  nitric  acid 
and  after  evaporating  the  bromine,  is  filtered.  The  sulphur  is  then  precipi- 
tated as  barium  sulphate  in  the  filtrate. 

(d)  Quantitative  Determination  of  the  Chlorine.  1-2  grams  of  fat  are 
gradually  added  to  a  molten  mixture  of  saltpeter  and  soda  (1:1);  the  mass  is 
then  treated  as  described  above  for  qualitative  detection,  taking  all  precau- 
tions to  make  it  quantitative.    The  precipitated  silver  chloride  is  weighed. 

A  method  much  used  in  the  United  States  is  used  for  the  deter- 
mination of  chlorine  in  tar  oils. 

25-50  grams  of  oil  are  mixed  in  a  platinum  dish  with  10  grams 
of  pure  lime,  free  from  chlorine,  and  then  heated  to  carbonization 
at  a  low  temperature  on  a  sand-bath.  The  residue  is  dissolved 
in  water,  warmed  gently  and  filtered  after  acidification  with  nitric 
acid;  the  chlorine  is  then  determined  as  silver  chloride  in  the  usual 
manner. 

XXIX.  Order  op  Tests 

The  order  of  tests  depends  on  the  specifications  which  are  to  be 
met  by  the  oils  (see  Tables  37-41).  With  dark  railroad  oils,  the 
cold  test  is  made  at  once,  since  oils  with  improper  temperature  of 
solidification  are  at  once  excluded.  Fatty  oil,  rosin  oil,  tar  oil, 
water  and  mechanical  impurities  are  often  made  evident  by  exter- 
nal appearance;  the  more  exact  determinations  of  these  are  made 
according  to  pages  160, 162, 165, 156  and  169L  The  determination 
of  acidity  according  to  page  144  is  important.  Light-colored 
mineral  oils  are  generally  free  from  acid;  in  dark  oils,  naphthenic 
acids  are  generally  found.  If  an  oil  is  free  from  acid,  the  testing 
for  rosin  (colophony)  will  be  unnecessary;  with  large  acidity,  tests 
according  to  page  147  should  be  made.  The  solubility  in  "normal 
benzine  "  is  only  to  be  determined  in  the  case  of  dark  oils  (see  page 
34);  the  amount  of  alcohol-ether  insoluble  asphalt  is  generally 
determined  only  in  the  case  of  cylinder  oils  (page  35).  The 
emulsion  test  (page  159)  is  sometimes  required  with  cylinder  oils. 
The  other  chemical  tests  from  page  150  to  page  172  are  performed 
only  in  exceptional  cases. 
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To  determine  the  usefulness  of  lubricating  oils  for  definite  pur- 
poses the  specific  gravity,  viscosity,  flash  point,  fire  test  and  cold 
test  are  determined.  The  specific  gravity  of  machine  and  wagon 
oils  is  generally  determined  by  hydrometer,  of  cylinder  oils  by 
pycknometer  (pages  97  and  98).  The  determination  of  viscosity 
is  made  with  machine  oils  at  20°  and  50°,  with  cylinder  oils  at  50° 
and  100°.  The  flash  point  (at  the  Materialprüfungsamt)  is  always 
determined  in  the  Pensky  apparatus  except  when  the  open  tester 
is  definitely  asked  for.  With  regard  to  the  cold  test,  it  may  be 
necessary  to  determine  the  behavior  at  a  definite  temperature 
(railroad  oils)  or  to  find  out  at  what  temperature  it  solidifies  (page 
127).  The  test  with  machine  oils  is  made  in  the  U-tube;  cylinder 
oils  are  almost  always  tested  in  test  tubes  at  0°. 

XXX.  Specifications  fob  Lubricating  Oils 

The  specifications  of  the  different  railways  are  much  the  same, 
although  those  of  the  smaller  ones  are  perhaps  not  quite  so  rigorous, 
thus  nothing  may  be  said  about  the  degree  of  purity  or  the  content 
of  asphalt,  although  mineral  oils,  so-called  unrefined  residues,  are 
asked  for.  In  Tables  37  to  41  will  be  found  specifications  of  oils 
for  a  variety  of  purposes. 


Specifications  for  Marine  Lubricating  Oils 

The  oil  should  be  a  mixture  of  mineral  oil  and  fatty  oil;  an  examination 
must  show  the  fatty  oil  to  be  pure  thickened  rape  oil.  An  analysis  should  show 
the  following  constants:  Engler  viscosity  at  20°  38-44,  at  50°  7-8;  specific 
gravity  at  15°  0.915-0.935  (water  of  4°  as  1);  acid  value  (only  organic  acid) 
not  over  3.5;  mineral  acids,  rosin,  rosin  oil,  tar  oil,  and  impurities  should  be 
absent;  on  heating  in  a  thin  film  for  10  hours  at  50°  there  should  be  no  change 
in  the  oil;  the  oil  should  remain  liquid  after  exposure  for  1  hour  to  — 15°  C.  in 
a  test  tube  15  mm.  wide;  the  fatty  acids  separated  from  the  oil  should  show 
an  iodine  value  of  57-67  and  a  melting  point  not  over  25°  C;  the  flash  point 
in  the  Pensky-Martens  apparatus  should  not  be  below  170°  C. ;  the  mineral  oil 
isolated  from  the  mixture  should  give  an  Engler  viscosity  at  20°  C.  of  22-25 
and  a  specific  gravity  at  15°  C.  of  0.90-0.92. 

XXXI.  Changes  op  Lubricating  Oils  During  Use 

(a)  Recovered  Oils.  The  oils  used  to  lubricate  the  cold 
moving  parts  of  machinery  are  often  collected  and,  after  more  or 
less  careful  treatment,  used  again.  The  following  points  should 
help  in  deciding  whether  the  recovered  oil  is  like  the  original 
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material  and  if  it  is  still  a  sufficiently  good  lubricant.  The  used 
oils  are  at  times  darker  and  contain  considerable  water  (up  to  50 
per  cent)  and  mechanical  impurities.  If  only  traces  of  these  im- 
purities are  present,  the  investigations  may  be  the  same  as  with 
any  lubricant;  otherwise  water  and  mechanical  impurities  must 
be  removed  by  heating  for  some  time  in  a  boiling  brine  solution, 
filtering  through  a  hot  water  funnel  and  then  if  necessary  drying 
with  calcium  chloride.  With  cylinder  oils  containing  fatty  acid, 
it  is  necessary  to  look  for  an  increase  in  free  acid  (from  decompo- 
sition of  the  neutral  fat)  and  in  iron  soap  and  asphaltic  substances. 
Specific  gravity  and  viscosity  of  oils  are  increased  in  use  through 
the  evaporation  of  the  more  volatile  portions.  A  pure  mineral 
oil  of  specific  gravity  0.8992  and  viscosity  29.4  at  50°  had  after 
being  once  used  and  once  cleaned  by  the  Friesdorf  oil  separator 
a  specific  gravity  of  0.9035  and  a  viscosity  of  31.1  and  after 
further  use  and  purification  a  specific  gravity  of  0.9118  and  a 
viscosity  of  32.8.  In  comparing  the  oil  before  and  after  use,  care 
must  be  taken  to  prevent  foreign  or  older  oil  from  mixing  with 
the  newer  oil. 

(b)  Formation  of  Residues.  There  have  been  repeatedly 
found  in  steam  engine  cylinders,  in  cylinders  of  gas  engines,  of 
compressors,  and  elsewhere,  hard,  pitch-like,  carbonaceous  resi- 
dues containing  softer  enclosed  materials;  these  residues  were  in 
some  cases  found  after  explosions  in  the  machines  or  after  dis- 
turbances in  working.  The  formation  of  such  bodies,  which  may 
be  caused  by  many  things,  is  to  be  traced  to  the  oxidation  of 
the  oils;  they  are  generally  observed  in  machines  driven  by  com- 
pressed air  or  superheated  steam.  The  residues  consist  of  lubri- 
eating  oils,  in  part  unchanged  and  in  part  changed  to  asphaltic 
and  carbonized  bodies.  In  the  cylinders  of  blast  furnace  gas- 
engines  were  found  residues  containing  tar  coming  from  the  gases 
used;  in  other  cases  were  found  bodies  containing  blast  furnace 
slag-dust,  besides  oxidized  and  carbonized  lubricating  oil.  The 
causes  of  the  formation  of  these  residues  are  to  be  looked  for  in 
the  methods  of  operation;  in  no  case  was  the  formation  of  the 
residues  found  to  be  due  to  impurities  or  abnormal  composition 
of  the  lubricating  oil  used.  Allen  makes  mention  of  the  presence 
of  mechanical  impurities,  especially  sand,  which  causes  wear  of  the 
metal  surfaces,  poor  lubrication  and  local  overheating,  bringing 
with  it  decomposition  of  the  oils. 
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TABLE 
Specifications  for  Light-colored 


Engler  viscosity  at 

Specific 

gravity 

at  15°  C. 

xiooo 

Cold  test, 

liquid  at 

°C. 

20° 

60°    • 

Oils  for  refrig- 
erating 
machinery 

4.6-15 

1.0-2.5 

850-010 

-21 

A. 

Light  maohin- 

Spindle  oils 

6-15 

2-2.5 

850-010 

I -10 

n-  6 

III       0 
IV +6 

ery  oils. 
Eagler 

For  railway 
service 

10-20 

003-018 

-15 

viscosity 

4-26  at  20°. 

1.9-5.0  at  50°. 

Solidification 
point 

Steam  turbine 
oils 

0-13 
(32)' 

2.6-2.0 
(6.4)» 

I -10 

II-  6 

III       0 

Hen  than -10 

II  lees  than   —5 

III  leas  than      0 

IV  leas  than  +5 

Air-compressor 
oila 

0.6-22 

2.7-4.0 

870-000 

I -10 
II-  5 

in    o 

At  least 
10 

870-000 

Oils  for  bearings 
of  cold  moving 
parts  of  steam 
engines,  dyna- 
mos, gas  en- 
gines, etc 

15-26 

2.5-4.5 

860-910 

30-40 

5-7 

000-015 

B. 

Heavy  machin- 
ery oila. 

Dynamo 

mftahina« 

•-* 

875-040 

Engler 

viaooaity 

26-00  at  20°, 

4.6-8  at  60*. 
Solidification 

Oil  for  bearings 

5-7 

003-028 

-10 

point 
I  lees  than -10 
II  less  than  -6 
III  leas  than      0 

IV  lees  than  +5 

38-51 

6-7.5 

007-000 

-10 
rarely  higher 

Not  under 
6 

008-020 
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37 

Machine  Oils  (Pure  Mineral  Oils) 


Acid  value 

calculated 

as  per  cent 

SO, 

Flash  point 
above 

Remarks 

Pensky 

Open 
vessel 

Leas  than 
0.01 

145 

Same 

140 

The  typical  Russian  spindle  oil,  Nobel  U,  has 

an  Engler  viscosity  at  20°  C.  of  12.3;  at  50* 
of  9.27;  flash  point  (Pensky)  of  171°;  solidi- 
fication point  —15°;  specifio  gravity  0.900. 

Same 

• 

160 

Prussian 

Railways, 

1907 

Same 

175 

* 

*  More  viscous  oils  of  viscosity  31.7  at  20°  and 

4.6  at  50°  have  been  found  practicable. 

Same 

200 

160 

Bavarian 

Railways, 

1907 

• 

Less  than 
0.01 

200 

Prussian 

Railways, 

1907 

Freeborn 
acid 

175 

Bavarian 

Railways, 

1907 

Leas  than 
0.01 

190 

Royal  Powder 
Works,  Span- 
dau, 1911 

Lees  than 
O.OB 

160 

Same 

The  typical  Russian  heavy  machinery  oil, 
Nobel  I,  has  viscosity  41  at  20s,  and  6.6  at 
50°;  Pensky  flash  point  is  213°;  specifio 
gravity  0.907  and  solidification  point  under 
-10°. 

Lees  than 
0.01 

198-201 

Oils  found  satisfactory  in  practice. 

Same 

180 

Imperial 

Wharves, 

Wilhelmshaven 
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TABLE 
Properties  of  Compound 


Engler  visooaity  at 

Specific 

gravity 

at  15* 

20° 

50* 

1 

20-30 

4-6 

910-030 

TABLE 
Properties  of  Light-colored  Mineral 


3 


Engler  viscosity  at 

Specific 

gravity 

at  15° 

X  1000 

Solidification 

point 
liquid  at  °C. 

20° 

60* 

(a) 

Oils  for  small 

and  large  gas 

engines 

12.4-77 

3.4-8.2 

I  less  than -10 
II  less  than  —5 

III  less  than      0 

IV  less  than  +5 

c. 

Gaa  engines 

(b) 

Oils  for  gas 

engines  of  1000 

H.P. 

77-130 

8-15 

Same 

For  cylinder 
and  air  pump 

0-10 

-5 

D. 

Diesel  motors 

For  the  bearings 

At  most  7 

-10 

Viscous  motor 
oil  (summer) 

42-80 

7-11 

880-940 

Mobile  motor 
oil  (winter) 

20-42 

4-7 

870-940 

-12 

For  the 
cylinders 

20-86 

4.4-10.8 

E. 

Automobile 

oils* 

• 

For  cylinder 
and  driving 
.    mechanism 

8-15 
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38 

Machine  Oils 


Acid  value 
calculated  as 
per  cent  SOj 

Flash  point 

Pensky- 
Martene 

Open 

vessel 

Remarks 

Not  more 
than 
0.15 

175° 

Bavarian 

Railways. 

1910 

Purest  light-colored  mineral  oil  with  at  least 
10  per  cent  rape  oil,  free  from  water  and  me- 
chanical admixture. 

39 

Lubricating  Oils  for  Explosion  Motors 


Acid  value 

calculated  as 

percent  SO» 

not  more 

than 

Flash  point  not 
below  °C. 

Remarks 

Pensky- 
Martens 

Open 
vessel 

0.01 

190-211, 

rarely 

below 

170 

Oil  of  viscosity  16.4  at  20*  and  flash  point 
(open  vessel)  218*  was  found  practicable  for 
motors  of  2-8  H.P.;  an  oil  with  3  per  cent 
bone  oil  and  viscosity  23.4  at  20°,  flash  point 
196  (O.V.)  for  motors  of  150  H.P. 

0.01 

210 

0.01 

220 

Not  more  than  10  per  cent  of]  material  de- 
stroyed by  cone,  sulphuric  acid. 

001 

180 

Same. 

0.00 

210 

Transparent  clean  mineral  oil. 

0.00 

196 

Same. 

0.01 

185-215** 

General  ex- 
perience of 
the  K.  Mat- 
erialprüf- 
ungsamt 

*  Automobile  oils  should  not  have  too  high  a 
boiling  point  since  a  portion  of  the  lubri- 
cant always  burns  in  the  cylinder;  the 
higher  its  boiling  point,  the  less  completely 
it  burns.  According  to  Schwars  and 
Schlüter  [Chem.  Ztg.,  88.  413  (1911)1  on 
treatment  with  acetone,  that  part  which  is 
insoluble  is  a  good  automobile  oil,  while  the 
acetone  soluble  portions  burn  incompletely 
and  give  a  bad  odor  to  the  products  of  com- 
bustion. 

**  In  some  oases  175. 

0.01 

206-240 

Same 

180 
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TABLE 
Properties  of  Dare  Mineral  Oils 


Engler  viscosity  at 

Specific 

gravity 

at  20°  C. 

xiooo 

Behavior  in  cold. 
Rias  in  6-mm. 
U-tube  at  least 
10  mm.  at  °C. 

20* 

50° 

Prussia,  1007 
Württemberg, 

Imperial 
Territory,  1912 

40-40 

7-10 

900-940 

-5 

Summer 
oil 

Bavaria,  1907 

50-80 

7.5-11 

906-940 

-5 

Baden,  1910 

25-60 

6-10 

900-950 

-5 

Saxony,  1910 

40-60 

6.5-10 

-5 

Prussia,  1907, 
Württemberg, 

Imperial 
Territory,  1912 

25-45 

4.6-7.5 

900-940 

-20» 

Winter 
oil 

Bavaria,  1907 

25-60 

4.5-7.5 

905-440 

-15' 

Baden,  1910 

25-60 

6-10 

900-950 

-12 

Saxony,  1910 

25-45 

4-7 

-20 
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40 

for  Railway  Car  Lubrication 


Aoid  value 

calculated  as 

per  cent  80» 

not  more  than 

Flash  point,  °C. 

Pensky- 
Martens 

Open 
vessel 

Remarks 

0.3 

160 

Not  more  than  0.2  per  cent  insoluble  in  "  normal  ben-. 

sine." 

0.3 

146 

Not  more  than  0.3  per  oent  insoluble  in  "  normal  ben* 
sine." 

0.027 

150' 

*  Burning  point  over  190°;  not  more  than  0.5  per  cent 

• 

insoluble  in  "  normal  benzine,"  not  more  than  6  per 
oent  boiling  under  300°,  not  more  than  13  per  cent 
residue  on  distillation. 

0.00 

0.3 

145 

Not  more  than  0.2  per  cent  insoluble  in  "  normal  ben- 

sine." 
*  Sample  heated  to  50°  before  the  experiment. 

0.3 

136 

Not  more  than  0.3  per  cent  insoluble  in  "  normal  ben- 
sine." 
*  After  repeated  cooling. 

0.27 

150 

Same  remarks  as  above  for  summer  oil. 

0.00 
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TABLE 
Properties  of  Steam- 


Amount  of 
fatty  oil 
allowed 

Engler  viscosity  at 

Specific 

gravity 

at  15* 

xiooo 

50* 

100» 

Royal  Powder 

Works,  Spandau, 

1911 

0 

At  least 
4 

Prussian 
Railways,  1900 

5 

Same 

Not  under 
885  at  20° 

Bavarian 
Railways,  1910 

0 

At  least 
3* 

890-950 

G. 

Württemberg 
Railways,  1909 

5 

At  least 
4* 

890-950 

Steam- 
cylinder 
oils 

Baden  Railways, 
1910 

0 

At  least 
30 

At  least 
3 

890-940 

Prussian  Military 
Railways 

0 

About  4 

885-900 

Imperial 
Territory,  1912 

7.5 

At  least 
4 

893-923 

25-40 

8.5-5 

Royal  Powder 

Works,  Spandau, 

1911 

0 

At  least 
4 

Zabrse  Mines 

5 

7.2 

906 

H. 

Prussian 
Railways,  1910 

0 

At  least 
6.7 

At  least 
900  at  20* 

8uper- 

heatad- 

stoam 

oy  linder 

0-10 

45-60                     5-8 

|  at  times  to  10 

oils 

Bavarian 
Railways,  1910 

0 

*-r 

890-950 

Württemberg 
Railways,  1909 

5 

At  least 
60 

At  least 
7* 

890-950 
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41  - 

cylinder  Mineral  Oils 


Flashpoint 

•c. 

Amount 
volatilised 
in  2  hours, 

percent 

Acid 
value  cal- 
culated 
as  80» 
per  cent, 
not  more 

than 

Ash 

Pensky- 
Martens 

Open 
vessel 

Remarks 

260 

0.01 

For  use  with  steam  at  11  atmos- 

pheres. 

265 

Not  more  than 
0.2  at  200* 

0.10 

250 

280 

Not  more  than 
0.1  at  200° 

0.05 

*  Viscosity  at  150°  over  1.5,  soluble  in 
"normal  bensine"  to  clear  liquid, 
not  more  than  1.5  per  cent  of  as- 
phalt insoluble  in  alcohol-ether. 

265 

280 

Not  more  than 
0.2  at  200° 

0.07 

Must  be 
absent 

Soluble  clear  in  "normal  bensine"; 

not  more  than  1  per  cent  of  alcohol« 

ether  insoluble  asphalt. 
*  Viscosity  at  150°  not  less  than  1.5. 

270 

0.016 

Liquid  at  +15,  soluble  clear  in  "  nor- 

mal benzine." 

290-300 

0.03 

Liquid  at  room  temperature. 

275 

Not  over  0.2 
at  200° 

0.03 

Mixture  of  92.5  per  cent  refined  min- 
eral oil  and  7.5  per  cent  of  tallow. 

250 

Less  than 
0.1 

General  experience  [Schwan,  Mitteil- 

ungen, «7, 19  (1909)]. 

285 

0.01 

300 

0.01 

Not  more  than  0.4  per  oant  of  asphalt 

insoluble  in  naphtha. 

300 

0.1 

Not  more  than  0.2  per  cent  of  asphalt 

insoluble  in   "normal  benzine." 
Viscosity  at  180°  over  1.6. 

Near  300 
or  over 

Less  than 
0.1 

General   experience    (Schwarz,   see 

above). 

300 

320 

After  6  hours 

at  300°  not 

more  than  0.3 

No  residue  with  "  normal  bensine"; 
not  more  than  1  per  cent  of  asphalt 
insoluble  in  alcohol-ether. 

*  Viscosity  at  least  1.5  at  180°. 

300 

334" 

At  350°  not 
more  than  9.2 

0.07 

Must  be 
absent 

*  Viscosity  at  least  1.6  at  180°. 
**  Burning  point  above  378°. 
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Stolzenberg  *  tries  to  find  the  cause  of  the  formation  of  these 
residues  from  the  standpoint  of  the  engineer;  he  inclines  to  the 
view  that  flue  dust,  solid  particles  from  the  boiler  water  and  iron 
oxide  from  the  walls  of  the  superheater  get  into  the  cylinders  with 
the  air  or  steam  and  make  lubrication  doubtful.  Certainly  in 
such  cases  the  lubricating  oil,  in  so  far  as  it  fulfills  its  normal 
functions,  is  to  be  considered  as  a  secondary  factor  in  the  forma- 
tion of  such  residues. 

The  conditions  are  somewhat  different  in  the  case  of  motor 
engines  run  with  special  fuel  oils;  in  such  cases  the  demands  made 
on  the  lubricating  oils  are  different  from  those  made  on  a  steam- 
cylinder  oil.f  In  the  explosion  in  a  motor,  the  temperature  rises 
to  1000°  and  a  part  of  the  lubricating  oil,  which  is  not  cooled  by 
the  walls  of  the  cylinder,  is  burned.  If  the  oil  is  asphaltic,  the 
burning  may  be  incomplete,  carbonaceous  residues  resulting; 
since  fatty  oils  frequently  do  not  burn  completely,  for  motor 
cylinder  lubrication  there  should  be  used  light-colored  mineral 
oils  of  viscosity  4-11  at  50°  and  free  from  asphalt  and  fat. 

In  the  examination  of  such  residues,  they  are  first  extracted  with 
chloroform,  the  insoluble  matter  being  treated  with  hydrochloric 
acid,  whereby  iron,  iron  oxide  and  iron  soaps  pass  into  solution  in 
which  they  may  be  detected  by  the  usual  procedures  of  qualitative 
analysis;  the  portion  insoluble  in  chloroform  and  also  in  the  acid 
generally  consists  of  carbon,  sand  and  gangue,  the  carbon  being 
determined  by  ashing.  After  evaporating  the  chloroform  an  oil 
can  be  extracted  from  the  residue  by  means  of  low-boiling  naphtha; 
this  oil  in  specific  gravity  and  elementary  composition  is  very 
much  like  the  lubricating  oil  used,  while  that  portion  insoluble  in 
naphtha  but  soluble  in  chloroform,  is  easily  soluble  in  benzol  and 
is  recognized  as  asphalt. 

In  the  following,  the  results  of  several  investigations  of  residues 
are  given.J  The  first  of  these  deals  with  a  black  carbonaceous 
residue  from  the  cylinder  of  an  air  compressor. 

*  Chem.  Rev.,  13,  54,  79  (1906). 

t  Schlüter,  Chem.  Ztg.,  37,  222  (1913). 

t  In  one  case  where  a  rape  oil  was  used  instead  of  mineral  oil  in  lubricating 
a  mine  drill,  a  violent  explosion  took  place  and  two  workmen  were  overcome, 
one  fatally,  by  the  resulting  gases  (CO  and  C02) ;  it  was  shown  that  the  cause 
of  death  was  CO  (Ztsch.  f.  d.  Berg.,  Hütten-u.  Salinenwesen,  1900,  178). 
According  to  the  investigations  of  Engler  (Ber.,  1889,  592)  the  possibility  of 
the  formation  of  CO  from  fats  is  recognized. 


PETROLEUM  AND  PETROLEUM  PRODUCTS 


185 


Case  a.  The  original  oil  had  a  specific  gravity  of  0.8861,  Engler  viscosity 
at  100°  3.94,  Pensky  flash  point  273°,  acidity  zero;  it  was  not  liquid  at  0°, 
contained  3  per  cent  of  saponifiable  fat,  was  soluble  clear  in  naphtha  and  was 
unchanged  by  37  hours  heating  in  a  thin  film  at  100°.  A  sample  of  the  oil  in 
fine  subdivision  (in  capillary  tubes)  in  an  atmosphere  of  oxygen  and  heated 
by  steam  under  10  atmospheres  became  dark  colored  and  was  no  longer  com- 
pletely soluble  in  naphtha;  brown  deposits  having  the  external  appearance  of 
asphalt  formed  on  the  inside  of  the  tubes.  After  six  hours  heating  with  an 
iron  plate  (4  X  30  X  30  mm.)  in  an  autoclave  in  the  presence  of  steam  (10 
atmos.)  the  acid  value  was  only  0.28,  the  loss  in  weight  of  the  plate  only  0.6 
milligram,  or  vanishingly  small. 

The  residue  found  in  the  compressor  cylinder  consisted  of  soft  parts,  of 
which  51  per  cent  was  soluble  in  naphtha  and  benzol,  only  3  per  cent  soluble 
in  benzol,  and  of  hard  parts,  of  which  29  per  cent  was  soluble  in  naphtha  and 
benzol,  34  per  cent  soluble  in  benzol.  The  soluble  part  was  viscous;  the  part 
insoluble  in  benzol  was  a  coarse  powder.  The  analyses  (Table  42)  show  that 
the  residue  resulted  from  strong  oxidation  of  the  oil,  a  part  changing  into 
insoluble  material,  taking  up  at  the  same  time  a  part  of  the  surface  of  the 
cylinder.  The  original  grey  green  (red  with  transmitted  light)  oil  became 
richer  in  oxygen  and  darkened  in  color. 

TABLE  42 
Elementary  Analyses  of  the  Oil  and  Residue  a 


Original  oil 

Portion  of  the  residue  solu- 
ble in  naphtha 

Portion  of  the  residue  solu- 
ble in  beniol 

Hard  and 

Portion  insolu- 
ble in  naph- 
tha and  ben- 
sol 


soft  parts 
mixed 


Hard  part 
of  residue 


Per  cent  of 


Carbon 


} 


88.» 
82.6 
82.5 
70.2 


{     67.< 


Hydrogen 


13.4 

13.1 

12.8 

7.5 

7.1 


Oxygen  by 
difference 


2.52 
4.1 
4.57 
>15 

>20 


Sulphur 


0.18 


0.13 
0.54 

0.63 


Ash 


Trace 
Trace 
Trace 


4.05. 

mostly  iron 

oxide 


Case  b.  This  residue  (Table  43)  was  also  found  in  an  air  compressor.  It 
was  made  up  of  hard  and  soft  parts  and  had  an  odor  of  carbonized  matter. 
The  original  mineral  oil  was  grey  green,  red  by  transmitted  light,  and  con- 
tained beside  pure  mineral  oil  traces  of  neat's-foot  oil,  and  had  a  flash  (Pensky) 
point  of  253°  and  an  acid  value  of  0. 

Of  the  residue  35  per  cent  dissolved  in  naphtha  boiling  under  50°,  a  further 
3  per  cent  in  benzol,  this  portion  being  brownish  black,  viscous  and  having  a 
faint  odor.  The  insoluble  part  was  brown  black  when  rubbed  up,  having  the 
appearance  of.  asphalt;  it  contained  iron  oxide  and  carbon.  Traces  of  sulphur 
were  found  in  the  oil  and  in  the  soluble  part  of  the  residue;  nitrogen  was 
absent.  This  residue,  like  the  other  one,  resulted  from  decomposition  and 
oxidation  of  the  original  oil. 
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TABLE  43 
Elementary  Analyses  of  the  Oil  and  the  Residue  b 


Per  cent  of 

Carbon 

Aver- 
age 

Hydro- 
gen 

Aver- 
age 

Oxygen  by 

difference, 

average 

Ash 

Original  oil < 

Portion  of  the  residue  soluble  j 
in  naphtha                            ( 

Portion  of  the  residue  insolu-  ( 
ble  in  naphtha,  soluble  in  < 
benzol                                  ( 

83.7 
83.6 

(81.8) 
83.6 

83.5 
83.4 

J88.7J 

(82.7) 
88.6 

I88»5! 

12.0 
11.9 

11.5 
11.7 

11.5 
11.6 

|l2.0 
|ll.6 

jll.6 

4.3 
5.7 

4.9 

a     •     «     • 

0.3 

•  •  •  • 

Case  c.  The  residue  was  black  and  lustrous,  made  up  of  hard  and  soft 
parts  and  had  a  faint  odor.  The  oil  was  grey  green  and  an  American  cylinder 
oil  of  Pensky  flash  point  280°.  Of  the  residue  45  per  cent  was  soluble  in 
naphtha  boiling  under  50°;  benzol  dissolved  7.5  per  cent  more  of  the  semi- 
solid mass  remaining.  The  portion  soluble  in  naphtha  was  dark  brown,  very 
viscous;  the  portion  insoluble  in  naphtha  was  coarse,  lustrous  and  contained 
0.9  per  cent  of  ash,  consisting  mostly  of  iron  oxide.  Traces  of  sulphur  were 
present  in  the  oil  and  residue  but  no  nitrogen  was  found  in  either.  Table  44 
shows  that  the  residue  was  formed  in  a  way  similar  to  that  of  a  and  b. 


TABLE  44 
Elementary  Analyses  of  the  Oil  and  Residue  c 


Original  oil 

Portion  of  the  residue 
soluble  in  naphtha  boil- 
ing under  50° 


Per  cent  of 


Carbon 


85.4) 
85.4  \ 

85.2 

85.4 


Average 


86.4 


86.8 


Hydrogen 


13.2  1 
13.4  f 

13.3  1 
13.1  f 


Average 


13.8 

13.2 


Oxygen  by 
difference 


1.3 
1.5 


Five  other  residues  examined  gave  similar  results;  they  contained  up  to  15 
per  cent  of  oil  soluble  in  naphtha  and  only  slightly  altered,  small  amounts  of 
benzol-soluble  asphalt,  larger  amounts  (8-50  per  cent)  of  iron  scales  and  other 
mechanical  impurities  and  large  amounts  of  asphalt  insoluble  in  benzol. 

It  is  thus  seen  that  these  residues  form  even  when  the  oil  is 
normal  in  composition  and  does  not  contain  asphalt;  the  residues 
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develop  whenever  the  oil  is  strongly  heated  under  conditions 
favoring  oxidation  or  when  the  presence  of  mechanical  impurities 
causes  a  disturbance  of  the  lubrication  (in  this  case  explosions  may 
also  result).  It  is  worth  mentioning  that  most  of  the  residues 
form  in  compressed  air  machines  or  those  using  superheated  steam, 
(c)  Condenser  Water.  This  water  is  preheated  and  since  it 
may  be  considered  in  a  certain  sense  to  be  distilled  water,  it  con- 
tains no  scale-forming  components.  It  often,  however,  contains 
some  lubricating  oil  carried  along  by  the  steam;  it  is  freed  from 
the  oil  by  filtration.  The  question  often  arises  whether  such 
filtering  installations  are  working  well;  that  is,  it  is  necessary  to 
determine  if  the  filtered  water  is  sufficiently  free  from  oil,  or  if 
there  is  danger  of  the  oil  attacking  the  walls  of  the  boiler. 

The  oil  is  extracted  from  1-2  liters  of  condenser  water  by  means  of  freshly 
distilled  ether  (the  apparatus  must  all  be  washed  free  from  oil  and  the  cock  of 
the  separatory  funnel  should  not  be  greased);  the  water  is  extracted  with 
successive  100  c.c.  portions  of  ether  until  the  last  treatment  leaves  no  residue 
on  evaporation.  The  united  extracts  are  filtered,  distilled  and  the  residue 
dried  for  5  minutes  at  105°.  The  cooled  oil  is  to  be  examined  for  acidity  and 
other  properties  which  might  be  of  importance  in  estimating  its  corrosive  action 
on  the  walls  of  the  boiler. 

Graefe  *  suggests  that  the  oil  may  be  precipitated  by  forming  a 
fine  flocculent  precipitate  of  iron  hydroxide  or  aluminum  hydroxide 
in  which  the  oil  is  enclosed  and  from  which  it  can  then  be  extracted. 
An  explanation  of  this  is  given  by  Ellis  t  who  states  that  the  oil  in 
water  being  in  a  colloidal  condition  and  negatively  charged  while 
the  iron  hydroxide  is  positively  charged,  the  two  are  precipitated 
together. 

K.  Lubricating  Greases  (Consistent  Lubricants) 

I.  General 

The  greases  used  for  the  lubrication  of  difficultly  accessible  parts 
of  machinery  consist  of  a  solution  of  calcium  soap  (15-23  per  cent 
or  more)  in  heavy  mineral  oils  with  the  addition  of  a  little  water 
(0.5-7  per  cent) ;  they  contain  also  small  amounts  of  unsaponified 
fatty  oil,  separated  glycerine,  free  lime,  free  fatty  acid,  coloring 
matter,  deodorants,  substances  to  cover  the  fluorescence  and 
sometimes  alkali  soaps.  They  are  generally  prepared  by  dis- 
solving the  soap  in  mineral  oil  and  stirring  the  water  into  this  solu- 

*  Petrol.,  5,  419  (1910). 

t  Journ.  Soc.  Chem.  Ind.,  29,  909. 
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tion;  in  rare  cases  the  fatty  oil  is  dissolved  in  the  mineral  oil, 
saponified  with  lime  and  enough  water  left  in  the  mixture  to  give 
it  the  consistency  peculiar  to  these  greases.*  The  water  is  in  a 
state  of  emulsification  in  the  oil  but  is  changed  to  droplets  on  heat- 
ing, large  bubbles  appearing  in  the  clear  oil.  It  seems  absolutely 
necessary  to  have  water  present  to  attain  the  peculiar  consistency, 
since  solutions  of  lime  soaps  in  oil  lose  their  homogeneity  in  the 
absence  of  water;  it  sometimes  happens  that  on  long  standing, 
such  greases  containing  water  will  begin  to  separate  into  different 
components.  The  calcium  soaps  are  present  in  the  form  of  col- 
loidal particles  as  may  be  seen  with  the  ultramicroscope. 

Besides  the  consistent  fats  or  greases  mentioned  on  page  93 
(Tovote  greases)  there  must  be  considered  those  compound 
greases  of  a  consistency  like  that  of  butter  or  tallow,  and  used  for 
ships-engines;  these  consist  of  alkali  soaps  and  completely  saponi- 
fiable  substances,  the  grease  being  easily  emulsified  with  water. 
Other  greases  t  which  should  be  mentioned  are  the  following: 
cable-coating  or  wire  rope  grease  for  protecting  cables  from  wear 
and  corrosion,  containing  solid  fats,  wax,  oil  talc,  etc.;  a  similar 
material  used  as  chain  grease  for  cranes,  hoists,  etc.;  hot  neck 
greases  for  lubricating  parts  subjected  to  high  temperatures,  some 
of  these  being  mixtures  of  fat  pitches  and  petroleum  pitch,  some 
containing  saponified  wool  grease,  or  other  waste  fats  to  which 
has  been  added  rosin  or  rosin  oil;  harder  vaseline  briquets  consist- 
ing of  mineral  oil  and  sodium  soap,  used  in  the  lubrication  of  rolls 
in  steel  mills.  In  all  of  these  products  the  high  melting  fats  are 
selected  for  use.  Gear  grease  consists  of  a  consistent  fat  contain- 
ing graphite  or  talc  and  tar;  rosin,  wax,  paraffin  and  ceresine  are 
sometimes  added. 

II.  Examination 

A  general  method  of  procedure  is  hard  to  find;  because  of  the 
great  difference  in  composition  and  the  great  variety  of  uses  to 
which  they  are  put,  widely  different  methods  of  analysis  may  be 
used. 

In  the  typical  consistent  fats  or  greases  the  following  points 
must  be  considered: 

*  See  Holde,  Ztschr.  f.  angew.  Chem.,  21,  41,  2138  (1908);  Ztsch.  f.  Ind.  d. 
Roll,  1908,  6. 

t  Künkler,  Die  Fabrikation  der  Schmiermittel,  Mannheim,  1897. 
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(a)  The  External  Appearance  is  of  importance;  the  grease 
should  be  well  mixed  and  uniform  in  composition.  Less  valuable 
additions  like  rosin  oil,  tar  oil,  nitrobenzol,  etc., 
can  be  detected  by  their  odors.  A  light  yellow, 
brown  or  at  most  red  color  is  preferred. 

(6)  Melting  Point  (Dropping  Point).  The 
temperature  at  which  Borne  of  the  grease  on  the 
end  of  a  thermometer  drops  because  of  its  own 
weight  is  determined  according  to  Pohl  by  the 
apparatus  suggested  by  Ubbelohde*;  in  this 
method  the  uncertainties  in  the  amount  of  fat 
clinging  to  the  thermometer  are  overcome  (see 
Fig.  84). 

It  consists  of  a  thermometer  surrounded  by  a  metal  ring 
b  having  an  opening  at  e;  at  the  bottom  of  &  is  a  glass  tip 
e  (10  mm.  long  and  having  a  3  mm.  wide  opening)  which 
is  filled  with  the  mass  under  examination.  Some  of  the 
sample  is  pressed  into  this,  taking  care  to  avoid  air  bubbles. 
Solid  substances  like  paraffin,  ceresine,  pitch,  etc.,  which 
might  break  the  apparatus  on  being  inserted,  are  first 
melted  and  poured  into  the  ring  resting  on  a  /lass  plate, 
the  thermometer  being  inserted  before  the  sample  solidifies. 
The  tip  is  pushed  up  to  the  pins  d.  The  apparatus  is 
then  fastened  with  cork  in  a  4  cm.  wide  test  tube  and 
heated  on  a  water  bath  with  a  rise  of  1°  per  minute;  higher 
melting  fats  are  heated  in  a  paraffin-bath.  The  temper' 
ature  at  which  the  first  arching  at  the  bottom  begins  is 
the  temperature  of  flow;  the  dropping  point  is  the  temper- 
ature at  which  the  first  drop  falls.  The  fat  is  superheated 
about  0.5s  during  this  determination;  this  is,  however, 
only  considered  in  very  accurate  work. 

The  dropping  point  is  dependent  on  the  amount 
of  soap  and  of  oil  contained  in  the  fat,  the  amount 
of  water,  the  temperature  and  length  of  heating 
on  dissolving  the  soap  in  the  oil,  whether  the 
soap  was  made  by  boiling  or  precipitation,  the 
intimacy  of  contact  of  the  water  and  the  oil-soap 
solution,  the  viscosity  of  the  mineral  oil  used  and 
the  fat  used  for  making  the  soap. 

Softer  and  tougher  greases  differ  (according  to 

•  Mitteilungen,  32,  203  (1904). 
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Holde)  more  in  the  temperature  of  flow  than  in  the  dropping 
temperature.  The  temperature  of  flowing  should  always  be  ob- 
served, it  generally  being  5°  below  the  dropping  temperature;  with 
very  soft  and  with  very  hard  greases  differences  of  50°  have  been 
observed.  The  temperature  of  flowing,  however,  rises  consider- 
ably on  standing.  The  dropping  point  of  greases  generally  lies 
between  75°  and  83°;  with  greases  for  rolling  mill  use,  it  may, 
however,  be  as  high  as  130°. 

(c)  Kissling's  Method  for  Determining  the  Consistence  of 
Fats.    The  following  apparatus  has  been  constructed  for  deter- 
mining the  consistence  of  greases  which  do  not  flow  from  the  Engler 
viscosimeter  (Fig.  85).    In  this  is  measured  the  time  necessary 
for  a  pointed  cylindrical  rod  to  pen- 
etrate a  definite  distance  into  the 
grease. 

An  aluminum  rod  A,  300  mm.  total 
length  and  9  mm.  thick,  has  a  pointed  end 
55  nun.  long;  it  carries  at  the  top  a  circu- 
lar brass  plate  ab  with  pointer  s  under- 
neath, 10  mm.  long.  Above  the  plate  is  a 
40  mm.  long  rod  l  which  is  to  hold  the 
weights  of  25,  50,  100  and  200  grams. 
The  distance  from  the  end  of  a  above  the 
horn  ring  r  should  be  100  mm.  The  fat 
or  grease  is  filled  into  the  beaker  to  a  height 
of  125  mm.  at  20°,  the  point  or  the  rod  be- 
ing put  on  the  surface.  After  releasing, 
the  enact  time  necessary  for  the  pointer  a 
to  drop  to  the  ring  100  mm.  away  is  de- 
termined. The  load  is  to  be  so  chosen  that 
the  time  of  sinking  is  not  less  than  20  or 
more  than  100  seconds.  The  empirical 
calculation  of  the  consistence  is  made  by 
Flo.  85.  adding  two  quantities,  one  of  which  is  a 

fraction  of  the  weight  of  the  rod  plus  load 
and  the  other  a  fraction  of  the  time  of  sinking  expressed  in  seconds.  In  this 
way  Kissling  arranged  the  fats  and  greases  examined  in  9  classes  of  consistence, 
the  calculation  of  which  follows  according  to  Table  45.    The  consistence  K  is 

n      .     ,         .  , ,    , ..         .  (      time  in  seconds      B , 

where  6  -  | ,  p  is  the  weight  of  the  rod;    *  =  j  =  - — divisor "     Regard" 

ing  the  size  of  the  divisor  see  Table  45.  For  many  purposes  this  method  gives 
results  sufficiently  close;  the  difficulty  lies  in  filling  the  fat  into  the  vessel 
evenly,  single  hard  particles  causing  a  decided  error. 
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TABLE  45 


Degree  of  Consistence 


Weight  of  rod  in  grams 

Weight  added 

Total  weight  (p) 

•-!-• 


Divisor  (d)  of  the  time  of 
sinking  (t) 

Consistence 


1 

I 

II 
50 

ill 
50 

IV 
50 

V 

VI 

VII 

VIII 

50 

50 

50 

50 

50 

25 

50 

100 

150 

200 

250 

300 

50 

75 

100 

150 

200 

250 

300 

350 

25 

38 

50 

75 

100 

125 

150 

175 

20 

10 

5 

4 

3 

2 

1.5 

1 

under 

3 

3-5 

4.7 

7-10 

10-13 

13-17 

17-22 

22-28 

IX 


50 
350 
400 

200 


1 

over 
28 


(d)  Preliminary  Qualitative  Tests.  If  the  fat  dissolves  clear 
in  naphtha  or  ether,  which  is  rarely  the  case,  and  if  it  leaves  no  ash 
on  a  platinum  foil,  then  only  pure  fat  components,  or  rosin  or 
ceresine  are  present,  the  latter  being  detected  by  the  methods 
given  elsewhere  (pages  147  and  170).  Decided  amounts  of  water 
cause  cloudiness  in  the  naphtha  solution  which,  however,  will  dis- 
appear on  adding  alcohol.  If  the  fat  is  completely  soluble  in 
naphtha,  that  is,  in  the  absence  of  soaps,  the  fat  or  grease  is  ex- 
amined in  the  usual  manner.  If  the  fat  or  grease  is  partially 
insoluble  in  naphtha,  as  is  the  case  with  wagon  and  machinery 
greases,  a  sample  is  treated  under  a  reflux  condenser  with  90  vol- 
umes of  naphtha  and  10  volumes  of  absolute  alcohol,  allowed  to 
stand  for  some  time  and  then  filtered  while  hot.  Fat,  soap  and 
mineral  oil  are  dissolved,  while  free  lime  and  additions  such  as 
barytes,  diatomaceous  earth,  graphite,  etc.,  are  found  in  the 
residue  and  are  examined  in  the  customary  manner. 

The  high-melting  greases  are  difficultly  soluble  in  alcohol- 
naphtha  (1:9)  because  they  contain  alkali  soaps;  in  such  a  case, 
an  alcohol-naphtha  (2: 8)  mixture  is  used  (if  necessary  more  alco- 
hol is  added). 

A  preliminary  test  for  free  acid  is  made  by  heating  the  fat 
or  grease  with  80  per  cent  alcohol  containing  Phenolphthalein. 
Generally  the  solution  turns  red,  since,  as  a  rule,  a  slight  excess  of 
alkali  is  present  in  the  grease;  in  such  a  case  the  test  for  free  acid 
is  unnecessary. 

(e)  Quantitative  Determination.  1.  Free  Fatty  Acid.  This 
test  is  generally  unnecessary,  since  the  greases,  if  they  do  not  con- 
tain a  considerable  excess  of  fatty  oil,  contain  the  fatty  acid  only  as 


192  CHEMISTRY  OF  OILS 

soap.    Marcusson  advises  that  the  following  method  be  used,  if  a 
determination  is  necessary: 

10  grams  of  fat  are  heated  for  a  short  time  under  a  reflux  condenser  with  a 
neutralized  mixture  of  90  volumes  naphtha  (sp.  gr.  0.70)  and  10  volumes  of 
absolute  alcohol.  Greases  not  artificially  loaded  dissolve  completely  or  nearly 
so;  the  undissolved  matter  is  filtered  off  and  washed.  After  adding  30  c.c.  of 
neutralized  alcohol  (50  per  cent),  the  filtrate  is  titrated  (shaking  and  warming) 
with  N/10  alcoholic  sodium  hydroxide  in  the  presence  of  Phenolphthalein, 
until  the  lower  alcoholic  layer  remains  rose  colored.  The  two  layers  separate 
very  easily  while  hot. 

The  use  of  diluted  alcohol  in  the  test  is  important;  when  96  per 
cent  alcohol  is  used  in  the  presence  of  naphtha  or  ether,  as  is  the 
case  with  light-colored  lubricating  oils,  the  color  change  is  often 
inexact  and  unsatisfactory.  The  sodium  hydroxide  besides  neutral- 
izing the  free  acid  also  decomposes  the  calcium  soaps:  the  result- 
ing basic  substances  (calcium  hydroxide  or  basic  soap)  allow  a 
sharp  color  change  to  take  place  only  in  the  presence  of  water. 

The  above  method  can  be  used  only  when  no  other  substances  which  might 
react  with  the  alkali  are  present.  For  example  with  a  grease  used  for  soldering 
and  containing  zinc  chloride,  the  sodium  hydroxide  would  form  zinc  hydroxide 
or  soluble  zincate,  thus  interfering  with  the  titration  of  the  acid.  In  such  a 
case  the  zinc  chloride  should  be  first  extracted  with  water,  the  grease  being 
dissolved  in  naphtha  and  alcohol.  A  preliminary  test  for  basic  radicals  is 
recommended. 

2.  Soap.    The  method  is  the  same  as  that  described  on  page  158 

with  the  following  changes. 

(a)  Volumetric  Method  of  Holde«  10  grams  of  fat,  50  c.c.  of  naphtha  and 
10-15  c.c.  of  dilute  hydrochloric  acid  are  boiled  in  a  300  c.c.  Erlenmeyer  flask 
under  a  reflux;  the  liquid  is  washed  into  a  separatory  funnel  with  naphtha 
and  the  acid  layer  is  run  off,  caught  separately  and  the  nature  of  the  soap  base 
(generally  calcium)  is  determined  qualitatively.  Often  the  hydrochloric  acid 
layer  appears  red  because  of  the  coloring  matter  added  to  the  grease;  in  that 
case  the  fat  is  repeatedly  treated  with  acid  till  a  colorless  extract  is  obtained. 
With  uncolored  fats,  two  extractions  of  the  naphtha  layer  with  hydrochloric 
acid  suffice.  The  mineral  acid  is  removed  by  washing  with  Glauber's  salt 
solution;  the  naphtha  solution  is  then  washed  twice  with  distilled  water  and 
titrated  with  N/10  sodium  hydroxide,  after  adding  20  c.c.  of  neutralized  alcohol 
and  some  Phenolphthalein.  The  acid  value  thus  determined  represents  the 
sum  of  the  free  and  combined  (as  soap)  acids.  After  subtracting  that  due  to 
free  acid  as  determined  above,  the  acid  combined  as  soap  is  obtained.  To 
calculate  the  amount  of  soap,  the  molecular  weight  of  the  acids  and  the  nature 
of  the  basic  radical  must  be  known. 

To  determine  the  molecular  weight  the  titrated  naphtha  solution  (of  the  fat 
split  with  acid)  is  diluted  with  enough  water  to  make  it  50  per  cent  alcoholic, 
taking  account  of  the  20  c.c.  of  absolute  alcohol  added  and  the  amount  of  96 
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per  cent  potash  used.  It  is  well  to  avoid  emulsion  by  adding  a  few  c.c.  of  strong 
aqueous  KOH  and  the  same  amount  of  absolute  alcohol.  The  naphtha  solu- 
tion is  several  times  shaken  with  50  per  cent  alcohol  according  to  Spitz  and 
Honig,  running  off  the  lower  aqueous  layer.  From  the  alcoholic  soap  solution 
(purified  by  repeated  shaking  with  boiling  naphtha)  the  fatty  acids  are  sepa- 
rated as  per  page  161.  To  determine  the  molecular  weight  of  the  acids,  }  to  1 
gram  is  dissolved  in  neutral  absolute  alcohol  and  titrated  with  N/10  KOH; 
from  the  acid  value  thus  obtained,  the  molecular  weight  is  calculated  as  follows: 

%t  56110 

JjJ     S3    ^— — — ^^—     • 

acid  value 
The  calculation  of  the  amount  of  soap  is  made  as  by  formula  of  page  159. 

(ß)  Gravimetric  Method  of  Marcusson.*  This  method,  by 
which  the  inorganic  and  organic  components  can  be  simultaneously 
determined,  requires  further  study;  moreover  it  is  not  so  rapid  as 
the  volumetric  method. 

10  grams  of  fat  are  rubbed  up  in  the  cold  with  100  c.c.  of  freshly  distilled 
acetone  until  the  solid  particles  separate  in  a  finely  divided  condition;  the 
mass  is  allowed  to  stand  over  night,  then  filtered  and  washed  with  acetone. 
The  acetone  will  dissolve  the  mineral  oils,  fatty  oils,  tar  oils,  etc. ;  the  soap  and 
inorganic  components  will  remain  undissolved  on  the  filter.  To  isolate  .the 
soap,  the  filter  is  broken,  the  paper  washed  quantitatively  with  hot  naphtha- 
alcohol  mixture  (9  :  1)  into  a  flask  and  boiled  briefly.  The  soap  passes  into 
solution  and  can  be  easily  separated  hot  from  the  loading  materials  by  filtra- 
tion. The  solution  is  evaporated  and  the  soap  residue  dried  to  constant  weight 
at  105°.  If  the  amount  of  soap  dissolved  in  the  acetone  is  to  be  considered, 
the  ash  is  determined  in  an  aliquot  part  of  the  acetone-soluble  part.  Assuming 
«  300  as  an  average  value  for  the  molecular  weight  of  the  fatty  acids,  1  milligram 

of  CaO  is  equivalent  to  11.4  milligrams  of  calcium  soap.  This  correction  of 
the  acetone-soluble  portion  is  necessary  only  when  rosin  soaps  are  under 
examination. 

3.  Unsaponiflable  Matter  and  Unsaponified  Fat  and  OiL  (Neutral  Fat 
and  Mineral  Oil.)  From  the  naphtha  solution  obtained  according  to  2  a  and 
freed  from  soap»*the  solvent  is  distilled,  the  residue  (neutral  fat  plus  mineral 
oil)  weighed.  By  determining  the  saponification  value  of  the  residue,  the 
amount  of  saponifiable  fat  can  be  estimated  (see  page  160)  and  calculated  to 
the  original  amount  of  grease. 

If  the  properties  of  the  mineral  oil  free  from  fat  are  to  be  deter- 
mined, the  mineral  oil  must  be  separated  by  the  method  of  Spitz 
and  Honig  (page  161)  and  tested  for  foreign  matter  (according  to 
page  162),  Engler  viscosity  (page  106)  and  its  solidification  tem- 
perature (page  125).  There  may  be  as  much  as  75-80  per  cent 
of  mineral  oil  in  greases. 

*  Laboratoriumsbuch,  133. 


194  CHEMISTRY  OF  OILS 

4.  Total  Fat  10  grams  of  sample  are  boiled  under  a  reflux  with  100  c.c.  of 
ether  and  an  excess  of  dilute  HCl  (10  c.c.)  till  clear.  After  decantation  and 
complete  extraction  of  the  acid  layer,  the  combined  ether  extracts  are  washed 
with  Glauber's  salt  solution  and  then  twice  with  distilled  water  to  get  rid  of 
mineral  acid.  The  ether  is  evaporated  and  the  residue  dried  at  105°.  This 
consists  of  the  total  fat  (mineral  oil,  neutral  fat  and  fatty  acids  set  free  from 
the  soaps). 

5.  Moisture  is  determined  according  to  the  method  of  Mar- 
cusson  (page  22).  The  moisture  of  greases  will  range  from  1  to 
6.3  per  cent  (generally  between  1  and  4). 

6.  Glycerine.  This  is  present  in  greases  only  by  accident  and 
in  small  amounts,  being  formed  during  the  saponification  of  the 
fat  added.    It  is  determined  only  in  exceptional  cases. 

It  is  determined  quantitatively  by  the  acetin  method  in  which  is  used  the 
acid  liquid  obtained  by  decomposition  of  10  grams  of  fat  or  grease  with  naphtha 
and  dilute  HCl.  After  clarifying,  pouring  through  a  double  filter  and  washing, 
this  is  treated  as  on  page  396. 

7.  Free  Lime.  Small  amounts  of  free  lime  are  found  in 
greases,  they  being  introduced  during  the  preparation  of  the  grease. 
A  preliminary  test  is  made  by  shaking  several  grams  of  fat  with  a 
40  per  cent  alcohol  containing  Phenolphthalein;  the  red  color  is 
due  to  calcium  hydroxide,  rarely  to  hydroxides  of  the  alkali  metals. 

10  grams  of  sample  are  heated  15  minutes  under  a  reflux  with  50  c.c.  of 
naphtha  and  5  c.c.  of  alcohol.  The  undissolved  matter  is  filtered  and  com- 
pletely washed  out  with  hot  naphtha-alcohol  in  a  hot  water  funnel.  In  the 
fat  and  soap  free  residue,  the  calcium  hydroxide  can  be  determined  in  the 
usual  manner. 

8.  Added  Substances.  Loading  materials  such  as  gypsum, 
barytes,  starch,  talc,  graphite  and  lampblack  remain  undissolved 
in  the  treatment  of  7  and  can  be  identified  by  the  customary 
qualitative  methods.  ^ 

9.  Accidental  Impurities.  Coloring  substances  are  added 
only  in  traces  and  need  not  be  determined  as  a  rule.  The  same  is 
true  of  the  determination  of  nitronaphthalene  which  is  added  to 
cover  the  bloom  of  the  mineral  oil  added;  if  necessary  it  can  be 
qualitatively  and  quantitatively  determined  according  to  page  169. 
The  foreign  substances  soluble  in  rfaphtha-alcohol  are  determined 
by  methods  on  page  163  after  evaporation  of  the  solvent  and  de- 
composition of  the  calcium  soap  with  dilute  hydrochloric  acid. 

The  following  example  of  an  analysis  of  a  grease  is  given  as  an  illustration: 
External  appearance,  lard-like,  black,  not  fluorescent,  faint  odor  of  bone  fat. 
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The  fat  extracted  with  ethyl  ether  was  green  and  lard-like.  On  evaporation 
of  the  ether,  0.21  per  cent  of  a  soot-like,  black,  combustible  residue,  insoluble 
in  alcohol,  acid  or  alkali  was  obtained;  it  was  probably  soot  for  coloring  the 
mass.  The  extracted  fat  was  difficultly  soluble  in  petroleum  ether !  Solid  floccu- 
lent  parts  remained  suspended  in  the  petroleum  ether  and  on  cooling  the  solu- 
tion a  thick  yellow  oil  separated  which  was  easily  soluble  in  90  per  cent  alcohol. 
The  difficultly  soluble  parts  pointed  to  the  presence  of  vaseline,  the  separat- 
ing parts  to  castor  oil.  The  saponification  number  171  and  the  properties  of 
the  fatty  acids  separated  from  the  oil  also  pointed  to  castor  oil.  The  unsa- 
ponifiable  part  of  the  grease  separated  according  to  the  method  of  Spitz  and 
Honig  (48.2  per  cent)  had  the  consistence  of  vaseline  and  was  yellow  in  color; 
a  small  amount  of  an  oily  brownish  yellow  substance  could  be  extracted  with 
alcohol,  this  giving  a  violet-red  color  with  alcoholic  KOH,  pointing  to  nitro- 
naphthalene.  The  presence  of  Cholesterin  or  of  wool  fat  in  the  original  fat  was 
assumed  impossible  because  of  the  small  amount  and  nature  of  the  oily  alco- 
holic extract  of  the  unsaponifiable  substance.  Since,  however,  the  odor  of 
the  original  oil  indicated  an  animal  oil,  the  castor  oil  was  first  removed  from 
the  total  fat.  For  this  5  grams  of  the  grease  extracted  with  ether  were  shaken 
with  90  per  cent  alcohol  (in  all  about  30  c.c.)  whereby  about  1.2  grams  (about } 
to  i  of  the  grease)  of  alcohol-soluble  oil  was  obtained.  The  residue  remaining 
after  the  alcohol  extraction  was  boiled  with  cone,  alcoholic  KOH  until  saponi- 
fied. The  separated  fatty  acids  melted  at  38°  and  had  the  odor  of  bone  fat. 
In  the  original  fat  and  in  the  alcoholic  extract  the  presence  of  nitronaphtha- 
lene  was  detected,  as  described  on  page  169. 

Summary.  The  grease  under  examination  was  lard-like, 
colored  with  a  little  soot  and  contained  about  50  per  cent  of  un- 
saponifiable matter  (like  vaseline)  and  about  50  per  cent  of  saponi- 
fiable  fat.  The  latter  was  made  up  of  castor  oil  and  a  fat  rich  in 
solid  glycerides,  which  from  the  odor  of  the  fatty  acids  and  of  the 
original  grease  was  thought  to  be  of  animal  origin  and  possibly 
bone  oil.  The  grease  also  contained  nitronaphthalene.  Unde- 
sirable substances  and  less  valuable  ones  (such  as  rosin,  rosin  oil, 
water,  solidL  substances,  mineral  acids)  were  absent  while  only 
0.6  per  cent  free  fatty  acid  calculated  as  S08,  this  corresponding 
to  the  amount  of  acid  present  in  the  natural  fat,  was  present. 

TABLE  46 

Specifications  of  the  Greater  Berlin  Street  Railways  for 

Lubricating  Gbbkses 


Grease 

Axle  grease 

Gear  wheel  grease 


Melting  point, 

•c. 


90 

85 
60-65 


Soap  content, 
percent 


22-25 

1S-20 

up  to  15 


Moisture, 
percent 


up  to  4 
up  to  4 
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Specifications  of  the  Imperial  Wharves,  Wilhelmshaven 

The  machinery  grease  must  have  been  made  from  pure  mineral  oil  by  the 
addition  of  the  vegetable  oils  necessary  for  saponification.  The  amount  of 
vegetable  oils  must  not  exceed  20  per  cent.  It  should  be  free  from  acid  and 
should  be  homogeneous  and  of  a  lard-like  consistence.  Non-fatty  or  non- 
soapy  parts,  except  for  the  water  necessary,  and  glycerine,  should  not  be 
present.  On  standing,  soap  should  not  separate  and  no  changes  of  oxidation 
or  evaporation  should  take  place. 

Specifications  of  the  Royal  Powder  Works  at  Spandau 

The  solid  machinery  grease  should  consist  of  calcium  soap,  mineral  oil  and 
water,  and  must  be  well  purified  and  free  from  foreign  substances.  Organic 
acids,  calculated  as  oleic  acid,  should  not  exceed  2.12  (equivalent  to  0.3  per 
cent  of  SOi).  The  grease  should  change  its  solid  consistence  little  between 
—5°  and  25°  and  should  always  have  a  uniform  lubricating  power.  It  must 
not  resinify  on  longer  standing  in  air.  Heated  10  hours  to  100°,  the  grease 
should  not  be  resinous  or  dried  up  after  cooling.  Flash  point  (Pensky)  should 
not  be  under  150°. 

Specifications  of  a  Mining  Company  for  Rope  Grease 

The  rope  grease  must  be  free  from  tar,  acid  and  tar  oils,  must  not  contain 
more  than  2  per  cent  of  inorganic  components  and  should  not  resinify  or 
crumble  in  use.  It  should  have  a  salve-like  consistence,  be  easily  applied 
with  a  brush  and  must  not  change  on  standing  or  in  use.  In  winter  it  should 
be  supplied  in  liquid  form  and  guaranteed  not  to  freeze,  while  in  summer  it 
should  be  solid. 

L.  Water-soluble  and  Emulsifiable  Oils 

I.  Preparation  and  Use 

These  oils  either  dissolve  in  water,  forming  a  clear  solution,  or 
they  form  permanent  emulsions  when  treated  with  water.  They 
are  used  as  cheap  lubricants  in  machine  shops,  in  hydraulic  presses 
because  they  do  not  freeze  easily,  in  laying  dust  and  ki  the  textile 
industry.  They  are  prepared  by  the  solution  of  ammonium,  so- 
dium and  potassium  soaps  of  fatty  acids,  rosin  acids,  naphthenic 
acids,  etc.,  in  mineral  oils,  often  with  the  addition  of  ammonia, 
naphtha  or  alcohol,  in  some  cases  *  with  simultaneous  oxidation  by 
air.  Water-soluble  oils  used  to  prevent  rusting  and  also  as  lubri- 
cants are  prepared  f  by  dissolving  in  mineral  oils  the  high-boiling 
alcohols  obtained  from  the  liquid  waxes  together  with  the  alkali 
salts  of  the  fatty  acids;  the  fatty  acids  from  hempseed  oil,  rape 

*  D.  R.  P.  122,451. 

t  F.  W.  Klever,  Köln,  D.  R.  P.  174,906  of  1905. 
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oil,  castor  oil,  cottonseed  oil,  etc.,  as  well  as  rosin  acids,  may  be 
used  in  the  form  of  the  alkali  soaps,  these  readily  emulsifying 
with  the  high-boiling  alcohols  and  the  lower-boiling  mineral  oils. 

Street  sprinkling  oils  may  be  prepared  by  the  solution  of  am- 
monium soaps  in  heavy  crude  petroleum,  the  use  of  the  ammonium 
soaps  being  advantageous  because  they  are  very  apt  to  hydrolyse 
soon  after  being  sprinkled,  the  residual  oil  not  being  so  easily 
washed  away  by  the  rain.    Westrumite  is  such  a  preparation. 

Recently  tar  oils  and  tar  have  been  used  to  lay  the  dust  on 
streets.  True  and  Fleig  have  shown  by  experiments  on  animals 
that  the  freshly  tarred  streets  are  likely  to  make  the  eyes  more 
susceptible  to  infection  from  certain  bacteria  present  in  dust, 
though  at  the  same  time  the  number  of  microorganisms  is  much 
decreased  by  the  presence  of  the  tar.  The  mixture  of  tar  and  clay 
(Kiton)  which  Raschig  recommends  as  a  dust  preventive  has 
recently  been  introduced;  it  is  worked  into  the  roadbed  and  is 
said  to  make  sprinkling  with  tar  unnecessary,  since  the  tar  in  the 
mixture  is  not  washed  away. 

II.  Rust-preventing  Power 

A  cast  iron  plate  (30  X  30  X  3  mm.)  was  allowed  to  lie  three 
weeks  in  contact  with  a  soft  soap,  such  as  was  formerly  used  in 
shaping  machines,  and  another  plate  was  placed  in  a  water-soluble 
vaseline  oil  (dissolved  in  100  parts  of  water) ;  the  former  lost  18, 
the  latter  only  8  milligrams.  Steel  plates  were  not  attacked  in 
the  latter  solution  after  3  weeks,  while  with  the  soft  soap  15 
milligrams  had  been  lost. 

III.  Solidification  Point 

The  addition  of  these  water-soluble  oils  to  water  lowers  the  freez- 
ing point  considerably,  80  parts  of  water  with  20  parts  of  oil  giving 
a  solution  still  liquid  at  —5°.  This  makes  such  solutions  valuable 
as  a  substitute  for  glycerine  (as  in  hydraulic  presses). 

IV.  Emulsifiability  or  Solubility  in  Water 

It  is  necessary  to  determine,  in  the  light  of  what  has  just  been 
said,  if  the  oil  will  give  a  permanent  emulsion  and  also  how  soluble 
it  is.  The  stability  of  two,  five  or  ten  per  cent  emulsions  of  the 
oil  after  standing  several  days  is  to  be  determined;  if  the  oil  has 
not  been  properly  prepared,  the  emulsions  will  not  be  permanent. 
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If  the  oils  contain  ammonium  soaps,  these  are  apt  to  decompose, 
the  emulsifiability  decreasing  thereby;  such  oils  must  be  kept  in 
well-closed  vessels.  The  oils  also  lose  their  power  of  being  emul- 
sified by  being  heated  (ammonia  escaping)  and  on  treatment  with 
acid  (the  soaps  being  decomposed). 

V.  Composition 

(a)  Volatile  Materials.  (Water,  alcohol,  naphtha.)  The  water  is  deter- 
mined by  distillation  of  20  grams  of  oil  in  a  liter  Erlenmeyer  flask  with  the 
addition  of  xylol  and  pumice  (page  22).  Clear  oils  may  contain  50  per  cent 
of  water.  The  aqueous  distillate  is  tested  for  alcohol,  after  it  has  been  frac- 
tionated, and  the  more  volatile  fraction  caught  separately;  the  test  for  alcohol 
is  made  by  adding  some  iodine  and  then  aqueous  KOH  solution  till  the  yellow 
color  first  formed  has  disappeared,  and  then  heating  gently.  A  faint  odor  of 
iodoform  will  become  apparent. 

If  there  is  any  doubt  regarding  the  presence  of  naphtha,  the  oil  can  be  dis- 
tilled after  adding  sulphuric  acid,  by  heating  directly  or  running  in  steam,  the 
amount  of  naphtha  being  determined  by  collecting  in  a  flask  with  narrow 
graduated  neck  (page  221). 

If  both  naphtha  and  alcohol  are  present,  the  oil  is  distilled  with  KHSOi  and 
pumice,  the  distillate  treated  with  sodium  hydroxide  which  extracts  the  alcohol 
from  the  naphtha,  and  the  naphtha  layer  then  measured;  the  alcoholic  layer  is 
then  redistilled,  and  the  specific  gravity  of  the  alcoholic  distillate  determined. 

(b)  Free  Organic  Acid.  1.  In  the  absence  of  ammonia  (which  would  be 
easily  determined  from  the  odor  on  heating)  the  free  acid  is  determined  by 
titration  with  N/10  alcoholic  sodium  hydroxide. 

2.  In  the  presence  of  ammonium  soaps,  the  sodium  hydroxide  will  not  only 
neutralize  the  free  acid  but  also  decompose  the  ammonium  soaps;  the  change 
in  color  with  Phenolphthalein  will  not  take  place  until  all  the  ammonium  soap 
has  been  decomposed.  To  determine  the  amount  of  acid  united  with  ammo- 
nium, 20*30  grams  of  oil  are  heated  with  cone,  sodium  hydroxide  solution  in  a 
large  Erlenmeyer  flask  with  a  splash  bulb  and  the  escaping  ammonia  caught  in 
N/ 10  sulphuric  acid,  the  excess  of  this  being  later  titrated  with  N/ 10  NaOH. 

If  no  bases  other  than  ammonium  are  present,  an  aqueous  solution  of  the 
oil  can  be  titrated  in  the  presence  of  methyl  orange  with  AT/2  HCl.  The 
amount  of  acid  equivalent  to  the  ammonia  found  subtracted  from  the  amount 
necessary  in  direct  titration  of  the  oil  gives  the  amount  of  acid  equivalent  to 
the  free  organic  acid. 

(c)  The  Amount  of  Ammonia  and  of  Ammonium  Soaps  can  be  calculated 
from  the  above  data. 

(d)  Unsaponified  Neutral  Bodies  are  extracted  by  the  method  of  Spitz  and 
Honig  (page  161)  from  the  oil  by  shaking  with  naphtha  and  A^/ 10  alcoholic  (80 
volume  per  cent)  sodium  hydroxide.  The  neutral  oil  remaining  in  the  naphtha 
solution  is  tested  as  usual  (pages  160  to  165)  for  the  kind  and  amount  of 
mineral  oil,  fatty  oil,  rosin  oil,  etc. 

(e)  Content  of  Alkali  Soaps.  1.  The  amount  of  alkali  soap  is  determined 
as  under  mineral  lubricating  oils  and  greases  (pages  158  and  192),  provided  that 
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only  alkali  salts  of  monobasic  fatty  acids  and  naphthenic  acids  but  not  of  fatty- 
sulphur  acids  or  of  oxidized  rosin  acids  are  present.  For  this  purpose  the 
total  weighed  fatty  acids  (obtained  from  the  alkaline  extract  of  d  by  the  cus- 
tomary decomposition  with  mineral  acid)  are  titrated;  this  total  represents 
the  sum  of  the  acids. originally  free  and  united  as  soaps.  The  amount  of 
sodium  soap  (2)  is  calculated  by  subtracting  the  amount  of  free  acid  and  getting 
the  difference  S  (as  acid  value)  and  using  the  following  proportion: 

x  :  jg  =  (23  +  M  -  1)  :  56.11. 

If  ammonium  soap  (determined  in  h)  is  also  present  this  must  be  considered. 

2.  In  the  Presence  of  Fatty-sulphur  Acids  or  Oxidized  Rosin  Acids  the 
simple  titration  of  (e,  1)  is  not  sufficient  because  the  acids  in  question  do  not 
act  like  monobasic  acids.  Marcusson  proposes  that  in  such  a  case  the  free 
acid  should  be  subtracted  from  the  total  acids  determined  in  (e,  1),  thus  obtain- 
ing the  fatty  acid  Fa  united  to  the  alkali  in  the  original  oil;  to  this  should  be 
added  the  amount  of  alkali  (determined  by  ashing  a  portion  and  then  recal- 
culating from  the  amount  of  carbonates  weighed,  the  weight  of  metal). 

Example.  The  free  fatty  acid  present  was  equivalent  to  an  acid  value  of 
10;  the  free  and  combined  fatty  acids  weighed  15  grams  and  had  an  acid  value 

equivalent  to  30.    Of  this  - — ^ — -  =  5  grams  was  free  acid;   10  grams  was 

combined.  Also  2  grams  of  alkali  (calculated  as  metal)  were  found.  There- 
fore 10  +  2  —  12  grams  of  soap  were  present. 

To  determine  whether  (e,  1)  or  (e,  2)  should  be  used,  the  sepa- 
rated fatty  acids  must  be  classified  as  oleic,  rosin  or  fatty-sulphur 
acids.  Oleic  acid  is  liquid,  has  a  specific  gravity  less  than  1,  an 
iodine  value  of  90  and  a  molecular  weight  of  282.  Fatty-sulphur 
acids,  if  large  amounts  are  present,  separate  as  insoluble  oils  on 
acidification  and  form  permanent  emulsions  without  the  addition 
of  a  base.  Rosin  acids  are  resinous  or  very  viscous  and  have  a 
specific  gravity  greater  than  1. 

Example.  In  a  sample  of  oil,  emulsifiable  in  water  but  really  not  completely 
soluble,  was  found  78  per  cent  of  mineral  lubricating  oil  (light-colored),  9.S 
per  cent  of  total  fatty  acid,  9.0  per  cent  united  to  bases  and  0.8  per  cent  free, 
as  well  as  11.1  per  cent  of  components  boiling  under  100°  (naphtha  and  alcohol). 

M.  Paraffin  from  Crude  Oils 

I.  General 

The  amount  of  paraffin  in  the  residues  from  the  distillation  of 
petroleum  varies  considerably;  Rumanian  residues  may  contain 
from  0.5  to  18  per  cent  (Campina  oil  12  per  cent,  Campina-Bakau 
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oil  18,  Bustenari  oil  0.5,  and  Baicoiu  oil  5  per  cent).  Since  the 
paraffin  is  present  in  the  amorphous  condition  of  proto-paraffin, 
which  cannot  be  freed  from  oil  by  pressure  even  when  cooled  to  a 
very  low  temperature,  distillation  must  be  undertaken  in  order  to 
get  the  paraffin  into  the  form  of  pyro-paraffin,  which  is  crystalline. 
In  Austria  the  paraffin  is  separated  by  the  Singer-Porges  patent 
system  of  cooling  in  a  double-walled  cylindrical  vessel,  the  paraffin 
being  freed  from  adhering  oil  by  means  of  filter  presses,  and  the 
last  portions  of  oil  removed  by  the  sweating  process  of  Henderson. 

By  an  Austrian  patent  issued  to  Porges  and  Singer  *  the  oil  and 
paraffin  are  separated  by  exerting  a  gas  pressure  directly  on  the 
heads  of  the  presses.  The  method  of  Singer-Porges  has  been  super- 
seded in  Galicia  by  the  method  of  Porges-Neumann  (patented). 
This  allows  a  more  rapid  separation  of  paraffin  by  using  a  better 
cooling  arrangement  although  by  the  Singer-Porges  system  larger 
crystals  are  obtained  (for  which  reason  there  has  been  some  tend- 
ency to  return  to  this  method). 

In  the  sweating  process  a  large  number  of  lead  pans  are  placed 
one  above  the  other  and  each  of  these  pans  has  a  sieve  at  a  definite 
height;  paraffin  is  melted  on  water  in  these  pans  and  the  water 
run  off  till  the  paraffin  just  rests  on  the  surface  of  the  sieve;  the 
paraffin  is  then  allowed  to  solidify  and  the  water  is  run  off  com- 
pletely. The  entire  sweating  chamber  is  then  heated  with  steam, 
whereby  the  adhering  oil  is  sweated  out  and  allowed  to  drain  off.f 

Paraffin  scales  or  paraffin  masses  are  solid,  scaly  masses  of  paraf- 
fin, more  or  less  colored  by  oil,  obtained  from  the  distillates  of 
petroleum,  lignite  tar  and  other  bituminous  substances  containing 
considerable  paraffin.  They  are  the  raw  material  for  candle  par- 
affin, for  the  paraffining  of  matches,  for  insulating  material  in  the 
electrical  industry.  For  candle  material,  the  paraffin  should  be 
only  slightly  soluble  in  absolute  alcohol  and  should  melt  near  50°; 
softer  material  known  as  soft  paraffin,  melting  at  30°  and  more 
soluble  in  alcohol,  is  also  to  be  obtained  in  the  market.  These 
softer  grades  are  obtained  by  cold  pressing  the  lighter  oils  and  are 
used  for  impregnation  purposes  (in  the  United  States  also  for 
chewing  gum)  and  are  sometimes  added  to  candle  stock.  See  page 
276  for  the  melting  points  of  paraffin  and  paraffin  masses. 

*  Braunkohle,  1910,  748. 

t  The  American  methods  are  described  in  the  Jour.  Ind.  and  Eng.  Chem., 
6»  35  (1914). 
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II.  Examination 

(a)  Moisture  and  Mechanical  Impurities  are  determined  as  on 
page  22. 

(6)  The  Amount  of  Paraffin  is  determined  according  to  page 
37. 

0.5-1.0  grain  of  substance  (in  a  25  mm.  wide  test  tube)  is  dissolved  in  ether, 
avoiding  excess;  the  paraffin  is  precipitated  from  the  solution  at  —20°  to  —21° 
(page  37)  by  adding  an  equal  volume  of  absolute  alcohol.  If  the  mass  be- 
comes very  thick,  some  alcohol-ether  is  added  to  facilitate  filtration.  The 
amount  of  paraffin  in  the  filtrate  is  determined  by  evaporation  of  the  solvent 
and  repetition  of  the  process. 

This  method  gives  only  approximate  results  with  soft  paraffins 
since  they  are  still  decidedly  soluble  in  alcohol-ether  at  —20°. 
The  paraffins  which  are  ready  to  be  poured  into  candles  are  to  be 
examined  by  the  method  of  page  279.  After  removing  the  stearic 
acid  from  these  masses  or  from  the  finished  candles,  the  content  of 
soft  paraffin  can  be  determined  by  the  method  of  Holde  *  through 
fractional  precipitation  of  the  harder  paraffin  with  94  per  cent 
alcohol  at  20°. 

2  grams  of  paraffin  free  from  stearic  acid  are  dissolved  in  a  measuring 
cylinder  with  20-30  c.c.  of  ether  and  precipitated  with  30-40  c.c.  of  alcohol  at 
20°.  The  amount  and  the  melting  point  of  the  precipitated  paraffin  and  of 
the  dissolved  material  is  determined. 

Industrially,  transparent  paraffin  is  considered  more  valuable 
than  the  opaque  because  the  former  is  supposed  to  contain  less  oil. 
According  to  experiments  of  Singer,  f  even  the  best  transparent 
paraffin  may  show  2.5  per  cent  of  oil  by  the  Engler-Holde  method, 
while  the  Redwood  process,  used  in  England,  in  which  the  paraffin 
is  pressed  cold  between  linen  cloths  and  filter  papers,  showed  only 
J  to  J  per  cent.  Singer  recommends  that  commercial  samples  be 
considered  normal  if  they  contain  from  2  to  2.5  per  cent  of  oil,  as 
determined  by  the  method  of  Holde. 

The  yellowing  of  opaque  paraffin  is  said  $  to  depend  on  the  con- 
tent of  cyclic  hydrocarbons,  the  amount  of  which  can  be  deter- 
mined by  the  formolit  reaction  (olefins  need  not  be  considered 
because  of  the  treatment  of  the  commercial  paraffin  with  sulphuric 

*  Mitteilungen,  20,  5,  241  (1902). 
t  Chem.  Rev.,  16,  202  (1909). 
t  Sommer,  Petrol.,  7,  409  (1911). 
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acid).    Transparent  paraffins  have  a  formolit  number  of  0.3  at 

the  most,  but  with  opaque  varieties  it  may  go  as  high  as  1.6.    The 

formolit  determination  is  made  as  follows: 

20  grams  of  paraffin  are  melted  in  a  flask  and  20  c.c.  of  cone,  sulphuric  acid 
added;  then  gradually)  avoiding  strong  heating,  an  equal  amount  of  formalin 
is  run  in  with  shaking,  an  intense  color  developing.  The  flask  is  kept  on  a 
water  bath  for  20  minutes,  shaking  periodically,  and  then  emptied  into  a  por- 
celain dish  which  is  further  heated  to  separate  the  reaction  products  from  the 
paraffin.  After  cooling,  the  cake  of  paraffin  is  lifted  off,  the  solution  under- 
neath run  into  a  separatory  funnel  and  after  diluting  considerably  with  water, 
extracted  with  chloroform.  After  evaporation  of  the  solvent,  the  formolit 
mass  is  dried  at  105°  and  weighed. 

(c)  To  Distinguish  between  Paraffin  from  Petroleum  and  from 
Shale  Oil9  Brown-Coal,  etc.,  a  determination  of  the  iodine  num- 
ber of  the  former  will  give  a  very  low  value  (0  or  little  more)  while 
for  the  latter  it  may  rise  to  several  units.  A  method  developed  by 
Marcusson  and  Meyerheim  *  is  applicable  to  both  crude  and  puri- 
fied material;  it  depends  on  the  separation  of  the  small  amounts 
of  oil  present  and  testing  these  for  their  iodine  value  (page  351). 

(d)  Sulphur.    In  view  of  the  fact  that  a  paraffin  containing  sulphur  (from 

crude  Java  (?)  oil)  found  in  the  market,  is  said  to  blacken  silver  candlesticks 
on  dripping,  the  following  simple  test  for  sulphur  is  applied  in  England:  a 
bright  silver  coin  or  a  piece  of  copper  foil  is  dipped  into  paraffin  heated  to  167°, 
sulphur  being  indicated  by  a  blackening. 

(e)  Further  Tests  for  solidification  point,  bending  test,  rosin, 
etc.,  are  given  on  page  279  and  following.  The  solidification  point 
of  paraffin  from  crude  petroleum  is  determined  nowadays  in  Aus- 
tria-Hungary by  the  method  of  Shukoff.f 

N.  Vaseline 

I.  General 

Vaseline  J  is  a  salve-like  product  of  petroleum  manufacture, 
being  colorless  to  a  light  brownish  yellow  in  color;  it  is  used  as  a 
basis  for  ointments,  as  a  lubricant  and  for  protecting  iron  and  steel 
from  rusting.  A  distinction  is  made  between  natural  and  arti- 
ficial vaseline.  The  former  was  formerly  obtained  almost  ex- 
clusively from  American  petroleum,  the  lighter  oils  up  to  a 
salve-like  consistence  of  the  residue  being  distilled;  the  vaseline  was 

*  Zeit  f.  angew.  Chem.,  28,  1057  (1910). 
t  Singer,  Petrol.,  4,  18  (1909). 

t  Engler  and  Böhm,  Ding.  Poly.  Jour.,  262,  468  (1886).  Also  Böhm,  Dis- 
sertation, Karlsruhe,  1887. 
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then  bleached  by  means  of  bone  black,  sulphuric  acid  or  fuller's 
earth.*  It  is,  however,  possible  to  obtain  natural  vaseline  from 
Galician,  Alsatian  and  even  Russian  petroleum.  The  different 
natural  vaselines  are  distinguished  by  different  melting  points  and 
specific  gravities. 

Artificial  vaseline  is  also  used  in  pharmacy  and  is  according  to 
the  German  Pharmacopoeia  a  mixture  of  bleached  heavy  mineral 
oil  (paraffinum  liquidum)  with  ceresine  (paraffinum  solidum). 

II.  Properties  and  Testing 

Two  vaseline  samples  from  Galician  petroleum  (sp.  gr.  0.812 
and  0.820)  were  examined  by  Engler  and  Böhm;  the  first  was 
obtained  by  bleaching  with  bone  black  a  petroleum  ether  solution 
of  the  butter-like  distillation  residue,  the  other  by  bleaching  the 
crude  oil  with  bone  black  and  then  distilling  the  bleached  oil  in  a 
vacuum  (10-15  mm.  of  mercury). 

1.  The  vaseline  from  the  residue,  melting  point  32°.  On  cooling  the  hot 
alcoholic  solution,  no  crystalline  separation  of  paraffin  took  place,  although 
from  the  heavy  oil  distillates,  paraffin  scales  separated  in  quantity.  The 
paraffin  is  therefore  not  crystalline  in  the  residue  but  is  crystalline  in  the  dis- 
tillates. An  elementary  analysis  showed  carbon  86.83,  hydrogen  13.15  per 
cent. 

2.  Vaseline  obtained  by  distilling  the  volatile  portions  of  the  bleached 
petroleum.  The  distilled  bleached  oils  were  free  from  sulphur  and  oxygen 
but  did  show  a  high  content  of  hydrogen. 


TABLE  47 

Yield, 
percent 

Melting  . 
point, 
aC. 

Specific 

gravity 

at  20 

Elementary  composition 

Carbon, 
percent 

Hydrogen 

Crude  oil,  I 

Crude  oil,  II 

13.8 
13.2 

30-31 
30-31 

0.8809 
0.8785 

86.48 
86.16 

13.82 
13.61 

Carbon, 
percent 

Hydrogen 

• 

Crude  oil,  I 

85.20 
85.18 

14.83 
14.75 

Crude  oil,  II 

*  See  Jour.  Ind.  and  Eng.  Chem.,  6,  35  (1914)  for  methods  now  used  in  the 
United  States. 
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The  vaseline  obtained  by  Engler  and  Böhm  from  crude  oil  II  had  a  specific 
gravity  of  0.8785,  a  melting  point  of  30-31°,  and  when  precipitated  from  ether 
solution  with  alcohol  until  the  filtrate  was  completely  oily,  gave  a  solid  vase- 
line of  melting  point  40°  and  a  specific  gravity  of  0.8836.  (Solutions  of  paraffin 
and  paraffin  oil  have  shown  lower  specific  gravities  than  the  separate  compo- 
nents.*) The  composition  of  the  solid  and  liquid  parts  of  the  vaseline  was 
the  same: 


Solid 
paraffin 

liquid 
paraffin 

Per  cent  carbon 

Per  cent  hydrogen 

86.17    86.34 
13.85    13.73 

86.47 
13.60 

No  difference  in  the  boiling  points  was  observed  (240-245°) ;  the  distillation 
residue  from  the  solid  vaseline  was  amorphous,  the  distillate  crystalline.  The 
hydrocarbons  of  both  parts  were  saturated,  since  on  adding  bromine  a  strong 
evolution  of  hydrobromic  acid  took  place. 

The  analysis  includes  testing  for  acidity  and  the  absence  of 
foreign  materials  and  is  made  according  to  the  methods  already 
described  under  mineral  oils.  The  specific  gravity  is  generally 
determined  with  a  Westphal  balance  (thermometer  in  sinker 
reading  to  100°)  or  with  a  Sprengel  pycknometer  (see  page  100). 
The  use  of  these  must  be  assumed  as  understood.  The  specific 
gravity  of  Chesborough  vaseline  was  found  to  be  0.845  at  100°,  of 
a  German  vaseline  0.827. 

The  following  is  the  method  of  testing  vaseline  as  given  by  the 
new  German  Pharmacopoeia: 

White  Vaseline.  White,  odorless,  almost  green  by  trans- 
mitted light,  neither  granular  nor  crystalline  under  the  microscope, 
and  melting  to  a  clear,  colorless  liquid  with  a  blue  fluorescence. 
Insoluble  in  water,  little  in  alcohol,  easily  in  chloroform  and  in 
ether.  Melting  point  35-40°.  Twenty  parts  of  hot  water  shaken 
with  5  parts  of  vaseline  must  remain  colorless  with  two  drops  of 
Phenolphthalein  but  on  adding  0.1  c.c.  of  iV/10  KOH,  must  turn 
red  (test  for  free  alkali  and  acid).  A  mixture  of  3  c.c.  of  NaOH 
and  20  c.c.  of  water  heated  to  boiling  with  5  drops  of  white  vaseline, 
with  shaking,  should  give  no  precipitate  after  cooling  and  satura- 
tion with  HCl  (saponifiable  fats  and  resins).  Rubbed  up  with  an 
equal  volume  of  cone,  sulphuric  acid  in  a  dish  previously  cleaned 

*  Grotowsky,  Zeit.  f.  Berg.-,  Hütten.-  und  Salinen-wesen,  24,  42  (1876). 
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with  sulphuric  acid,  white  vaseline  will  at  most  get  brown,  but  will 
not  blacken  (organic  impurities). 

Yellow  Vaseline.  A  yellow  transparent  mass  of  salve-like 
consistence.  On  heating  it  melts  to  a  clear  yellow  odorless  liquid 
with  a  bluish  fluorescence.  Under  the  microscope  it  should  appear 
neither  granular  nor  crystalline.  Solubility,  melting  point  and 
tests  for  impurities  are  the  same  as  for  white  vaseline. 

III.  Differentiation  of  Natural  and  Artificial 

Vaseline 

According  to  Engler  and  Böhm  natural  and  artificial  vaselines 
can  be  distinguished  by  the  following  properties: 

1.  The  solid  parts  of  artificial  vaseline  (ceresine)  are  the  cause 
of  a  somewhat  granular  appearance  and  can  be  more  easily  sepa- 
rated from  the  liquid  particles  than  those  of  the  natural  vaseline. 

2.  On  heating  artificial  vaseline,  it  passes  suddenly  into  the 
liquid  condition  and  before  melting  has  a  decidedly  firmer  con- 
sistence than  has  natural  vaseline;  but  after  melting,  it  is  less 
viscous  than  natural  vaseline  which,  on  melting,  acts  more  like 
an  animal  fat.  A  comparison  of  viscosities  gave  the  following 
values: 


TABLE  48 

Viscosity  (degrees  Engler) 

45° 

50° 

80° 

100° 

Natural  American  vaseline 

Artificial  vaseline 

4.8 

did  nc 

3.7 
>t  flow 

2.1 
1.5 

1.6 
1.2 

Thus  the  artificial  vaseline  did  not  flow  out  of  the  Engler  apparatus 
at  65°,  but  at  80°  it  was  entirely  melted  and  less  viscous  than  the 
natural  vaseline. 

3.  The  ability  to  absorb  oxygen  was  greater  with  natural  than 
with  artificial  vaseline.  R.  Fresenius  *  after  heating  4  grams  of 
Chesborough  for  15  hours,  and  similarly  a  German  vaseline  (Vir- 
ginia), to  110°  in  oxygen  found  21.8  c.c.  of  oxygen  absorbed  and  a 
decidedly  acid  reaction  in  the  first  case;  and  only  3.2  c.c.  absorbed 
and  a  faint  acid  reaction  in  the  latter. 

*  Ding.  Poly  Jour.,  286,  503  (1880). 
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Engler  and  Böhm  heated  11-15  grams  of  acid-free  natural  and 
artificial  vaseline  and  other  comparison  materials  with  the  addi- 
tion of  2-3  grams  of  water  (to  increase  the  oxidation  and  the 
tendency  to  acidity)  together  with  53-76  c.c.  of  oxygen,  in  sealed 
tubes  for  24  hours  at  110-115°  and  the  following  results  were 
obtained: 

3  natural  vaselines  from  the  Chesborough  Company  absorbed 
35-46.5  c.c.  of  oxygen  and  used  5.5  to  10.5  milligrams  of  KOH  per 
100  grams. 

2  artificial  vaselines  prepared  by  the  methods  of  the  Pharma- 
copoeia, by  melting  together  1  part  of  ceresine  with  3  parts  of 
different  vaseline  oils  I  and  II,  absorbed  only  4.2  and  4.7  c.c.  of 
oxygen  and  used  0.7  and  1.4  milligrams  of  KOH  respectively. 

2  samples  of  lard  absorbed  42-50  c.c.  of  oxygen  and  usjed  31-39 
milligrams  of  KOH  (subtracting  the  original  acid  content).  The 
vaseline  oils  I  and  II,  used  in  preparing  the  artificial  vaseline, 
absorbed  4.1  to  5.5  c.c  of  oxygen,  the  ceresine  3  c.c.  of 
oxygen. 

The  tendency  of  the  natural  vaseline  to  become  acid  is  decidedly 
less  at  lower  temperatures.  Samples  spread  over  glass  plates  and 
then  allowed  to  remain  near  a  stove  gave  the  following  results: 


Natural  vaseline 

Artificial 
vaseline 

Lard 

I 

II 

Per  cent  of  acid  by  weight  expressed 
as  milligrams  of  KOH 

0.025 

0.026 

0.015 

0.48 

Samples  heated  with  atmospheric  air  for  two  days  to  40-50°  in 
sealed  tubes  showed  the  following  absorption  of  oxygen.  Natural 
vaseline  absorbed  2.0  c.c.  of  oxygen,  artificial  vaseline  1.5  c.c.  and 
lard  2.3  c.c.  of  oxygen.  The  use  of  pure  oxygen  instead  of  air 
gave  practically  the  same  results. 

According  to  Engler  and  Böhm  the  natural  vaseline  is  therefore 
under  normal  conditions  sufficiently  resistant  to  atmospheric 
changes  to  allow  its  use  in  medicine  and  it  also  shows  greater  phys- 
ical and  chemical  homogeneity  and  viscosity  at  higher  tempera- 
tures; the  greater  resistance  of  the  artificial  vaseline  towards 
sulphuric  acid,  nitric  acid,  etc.,  is  of  no  importance  in  this  connec- 
tion.   In  using  vaseline  as  a  lubricant,  the  natural  product  is  to 
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be  preferred  because  of  its  higher  viscosity,  provided  the  tempera- 
ture is  not  so  high  as  to  cause  the  formation  of  a  considerable 
acidity. 

O.  Tar  and  Pitch-like  Distillation  Residues 

Petroleum  Tar,  Petroleum  Asphalt  and  Petroleum  Pitch 

I.  Definition 

Besides  the  above-mentioned  oils  and  paraffin  masses  from  crude 
oil,  there  are  found  on  the  market  dark  residues  from  the  steam 
distillation  of  crude  petroleum,  which  are  used  in  the  preparation 
of  asphalt,  in  dark  lubricating  oils  and  wagon  greases,  in  the  manu- 
facture of  roofing-felt  and  in  insulating  material,  etc.;  they  are 
available  for  lubricating  if  they  possess  a  tarry  consistence,  or  if 
they  become  liquid  by  warming  on  a  water  bath,  or  if  they  yield 
over  50  per  cent  of  lubricating  oil  on  distillation  by  the  cracking 
method.  .  By  solution  in  less  viscous  lubricating  oils  they  may  be 
used  as  railway  lubricating  oils.  Such  residues  are  found  on  the 
market  under  the  names  of  petroleum  pitch  or  petroleum  asphalt. 
In  Germany  those  residues  are  admitted  free  from  duty  which 
have  a  dark  color  and  a  specific  gravity  of  more  than  1  (and  which 
therefore  will  sink  to  the  bottom  after  one  hour's  immersion  in 
water  at  15°),  but  which  do  not  flow  from  the  Engler  viscosimeter 
after  heating  15  minutes  to  45°;  all  other  residues  (these  give  on 
further  distillation,  considerable  quantities  of  lubricating  oil)  are  to 
be  considered  as  mineral  oils  and  the  duty  is  imposed  accordingly. 

In  order  to  obtain  a  uniform  terminology  for  pitch-like  and 
asphalt-like  bodies,  it  is  advisable  to  restrict  the  term  asphalt  to 
those  products  which  are  found  already  formed  in  nature  and  which 
contain  at  the  most  only  traces  of  added  Mineral  oils  (these  latter 
being  added  only  to  increase  their  usefulness  industrially).  The 
less  valuable  substitutes  which  are  formed  during  the  treatment 
of  petroleum  are  to  be  known  as  artificial  asphalt  or  still  better  as 
pitches  (for  example,  according  to  their  origin,  as  petroleum  pitch, 
fat-pitch,  lignite  pitch,  coal-tar  pitch). 

Holde  .and  Marcusson  have  made  the  following  suggestions  for 
fixing  the  meaning  of  the  term  bitumen.  In  the  widest  sense  it 
includes  the  various  commercial  bitumens  given  in  the  attached 
table,  these  being  either  found  in  nature  or  formed  artificially  by 
destructive  distillation  of  coal,  etc.  In  a  narrower  sense  it  may  be 
considered  the  same  as  natural  asphalt  and  in  a  somewhat  wider 
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sense  it  may  include  the  artificial  products  often  substituted  for 
asphalt.* 

The  recognition  of  the  various  products  by  means  of  the  tests 
given  in  the  table  is,  perhaps,  in  some  cases  made  difficult,  because 
the  natural  products  vary  in  their  composition,  and  all  intermediate 
stages  occur.  Natural  asphalts  which  give  the  anthraquinone 
test  are  said  to  occur,  while  some  coal  tars  contain  no  anthra- 
quinone (as  is  the  case  if  made  at  too  low  a  temperature).  The 
presence  or  absence  of  one  of  the  distinguishing  marks  should 
point  to  the  possible  origin  and  not  necessarily  determine  the 
quality  of  the  product. 

II.  Viscosity 

Pitch-like  residues,  because  of  the  errors  and  great  inconvenience 
of  testing,  are  not  suited  for  examination  in  the  Engler  viscosim- 
eter  at  45°  and,  consequently,  their  analysis  should  be  put  on  a 
more  certain  basis  (see  page  207).  The  determination  of  specific 
gravity,  of  melting  point  (see  under  III  and  VI),  and  of  solubility  in 
benzol,  simple  distillation  tests  over  a  free  flame  from  a  glass  re- 
tort and  a  determination  of  the  kind  and  quantity  of  the  distil- 
lates would  put  the  examination  on  a  more  certain  basis  and  would 
allow  a  better  technical  valuation  of  the  pitch-like  petroleum 

residues. 

III.  Melting  Point 

The  higher  the  melting  point,  the  less  suitable  will  be  the  pitch 
as  a  lubricant  for  rolling  mills  or  for  the  preparation  of  varnishes  or 
of  asphalt  for  building  purposes.  On  the  other  hand,  high-melting 
asphalts  are  required  for  the  paving  of  streets  in  warm  countries. 
It  is  not  necessary  to  emphasize  how  different  the  requirements 
are  for  the  different  uses.f 

The  following  method  for  the  determination  of  the  melting  point  { 
is  easily  performed  and  gives  concordant  results.  See  Figs.  86  and  87. 

Some  6-7  mm.  wide  test  tubes  are  pushed  up  to  a  height  of  5  mm.  into  the 
pitch  heated  to  150°  in  an  oil  bath.  (Fig.  87.)  After  cooling  the  layer  of 
pitch,  a  5  gram  layer  of  mercury  is  placed  on  top  and  the  tubes  are  then  heated 

*  In  this  sense  one  may  speak  of  the  bitumen  content  of  roofing-felt,  of 
insulating  material,  asphalt  powder,  etc.,  this  meaning  the  content  of  natural 
asphalt  or  substitutes  for  it,  such  as  petroleum  pitch,  coal-tar  pitch,  fat-pitch, 
etc.;  those  components  of  coal-tar  pitch,  oil-gas  tar  pitch,  etc.,  which  are  in- 
soluble in  carbon  disulphide  or  in  benzol  and  which  are  rich  in  carbon,  are  not 
considered  as  bitumens. 

t  HippoL  Köhler,  Asphalte. 

t  Kraemer  and  Sarnow,  Chem.  Ind.,  1908,  56. 
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slowly  in  the  double-walled  water  bath  (Fig.  86)  until  the  mercury  begins  to 
drop  through  the  melted  pitch.  This  is  called  the  melting  point.  Böhm  sug- 
gests the  use  of  a  weighed  brass  rod  instead  of  the  mercury.  To  avoid  the 
difficulty  of  filling  in  the  proper  height  of  pitch  Barta  *  suggests  the  use  of  a  6 
mm.  wide  tube  which  is  5  mm.  high,  this  being  placed  on  a  moistened  glass 
plate  and  filled  with  melted  pitch  at  150°;  the  heaped-up  excess  is  cut  off  with  a 
warmed  knife.  This  filled  tube  is  butted  against  the  end  of  a  glass  tube  (6  mm. 
wide  and  10  cm.  long)  using  a  piece  of  rubber  tubing  to  connect  them.  The 
mercury  is  then  put  in  and  the  tubes  are  heated  in  a  water  bath,  the  temperature 
rising  2°  per  minute.    A  glycerine  bath  is  used  for  pitches  melting  over  100s. 


Fia.  86.  Fio.  87. 

Of  a  large  number  of  pitches  examined  those  which  could  be 
stirred  with  a  glass  rod  had  a  melting  point  of  between  25°  and  40°, 
the  solid  pitches  values  from  40°  to  80°.  The  Kraemer-Samow 
method  gives  sharply  defined  values,  but  naturally  the  values 
obtained  are  different  from  those  obtained  by  other  methods,  as 
for  example,  the  capillary  tube  method,  aa  may  be  seen  from  the 
following  comparisons: 
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'  Petrol.,  7,  158  (1911). 
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The  dropping  point  method  of  Ubbelohde  (page  189),  used  for 
greases,  vaseline  and  ceresine,  can  be  applied  according  to  the  ex- 
periments of  Loebell  to  the  determination  of  the  softening  or  flow- 
ing point  of  pitches  and  asphalts.  The  advantage  of  this  method 
over  the  one  just  described  is  that  in  the  Ubbelohde  apparatus  the 
fat  is  under  its  own  pressure  when  it  melts;  while  in  the  Kraemer- 
Sarnow  procedure  it  is  under  a  pressure  almost  35  times  as  great, 
so  that  pitches  softening  at  room  temperature  do  not  show  any 
differences,  the  mercury  dropping  through  as  soon  as  it  is  intro- 
duced into  the  tubes. 

Mechanical  Tests 

Authorities,  like  C.  Richardson,  H.  Abraham  and  E.  Graefe, 
place  great  weight  on  the  mechanical  testing  of  asphalts;  among 
these  are  to  be  mentioned  the  test  of  hardness  and  of  ductility. 

IV..  Float  Test 

This  test  *  is  made  on  viscous  and  semisolid  refined  tars  and 
often  on  the  viscous  and  semisolid  petroleum  and  asphalt  prod- 


Fig.  88. 

ucts,  although,  when  the  penetration  test  can  be  employed  on  the 
two  latter  classes  of  material,  the  float  test  is  not  always  considered 
necessary.    For  the  more  fluid  products  the  test  is  made  at  32°, 

*  Hubbard  and  Reeve,  Methods  for  the  Examination  of  Bituminous  Road 
Materials,  U.  S.  Dept.  of  Agriculture,  Office  of  Public  Roads,  Bulletin  No.  38, 
1911. 
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and  for  the  semisolid  materials,  at  50°.    When  the  material  under 
examination  is  quite  hard,  the  test  may  be  run  at  100°  C. 

The  float  consists  of  two  parts,  an  aluminum  float  or  saucer  (Fig.  88)  and  a 
conical  brass  collar  (b).  The  two  parts  are  made  separately  so  that  one  float 
may  be  used  with  a  number  of  brass  collars. 
In  making  the  test  the  brass  collar  is  placed, 
with  the  small  end  down,  on  the  brass  plate, 
which  has  been  previously  amalgamated  with 
mercury  by  first  rubbing  it  with  a  dilute  solu- 
tion of  mercuric  chloride  or  nitrate  and  then 
with  mercury.  A  small  quantity  of  the  ma- 
terial to  be  tested  is  heated  in  the  metal 
spoon  until  quite  fluid,  with  care  that  it 
suffers  no  appreciable  loss  by  volatilization 
and  that  it  is  kept  free  from  air  bubbles.  It 
is  then  poured  into  the  collar  in  a  thin  stream 
until  slightly  more  than  level  with  the  top. 
The  surplus  may  be  removed,  after  the  mate- 
rial has  cooled  to  room  temperature,  by  means 
of  a  spatula  blade  which  has  been  slightly 
heated.  The  collar  and  plate  are  then  placed 
in  a  tin  cup  containing  ice  water  maintained 
at  5°,  and  left  in  this  bath  for  at  least  15 
minutes.  Meanwhile,  another  cup  is  about 
three-fourths  filled  with  water  and  placed  on 
the  tripod,  and  the  water  is  heated  to  the 
temperature  at  which  the  test  is  to  be  made. 
This  temperature  should  be  accurately  main- 
tained, and  should  at  no  time  throughout  the 
entire  test  be  allowed  to  vary  more  than  §  de- 
gree.  After  the  material  to  be  tested  has 
been  kept  in  the  ice  water  for  at  least  15  min- 
utes, the  collar  and  contents  are  removed 
from  the  plate  and  screwed  into  the  alumi- 
num float  which  is  then  immediately  floated 
in  the  warmed  bath.  As  the  plug  of  bitumi- 
nous material  becomes  warm  and  fluid,  it  is 
gradually  forced  upward  and  out  of  the  collar, 
until  water  gains  entrance  to  the  saucer  and 
causes  it  to  sink.  The  time  in  seconds  be- 
tween placing  the  apparatus  on  the  water  and 
when  the  water  breaks  through  the  bitumen  is  determined  by  means  of  a 
stop  watch  and  is  taken  as  a  measure  of  the  consistency  of  the  material  under 
examination. 

V.  Hardness 

The  hardness  of  bituminous  materials  is  measured  by  the  in- 
strument of  Abrahams  (Fig.  88a). 


Fig.  88a. 
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Id  this  apparatus  is  measured  the  force  (exerted  by  the  spring  B)  a 
to  send  a  steel  rod  c  of  fixed  head  area,  in  a  definite  time  (1  minute),  1  centi- 
meter deep  into  the  asphaltic  mass,  kept  solid  or  liquid  by  immersion  in  a 
water  bath  at  constant  temperature. 

The  rods  are  to  be  obtained  in  three  sizes  of  head  area.  A  rod  is  fastened 
to  the  spring  B  and  is  forced  down  by  turning  0.  The  tension  of  the  spring 
(which  may  be  had  in  two  sizes —  1  gram  for  soft,  1  kilogram  for  hard,  sub- 
stances) is  measured  on  the  subdivisions  of  B  and  the  time  on  M.  The  spring 
is  compressed  by  the  screw  0  at  such  a  rate  that  when  the  rod  is  immersed 
1  centimeter,  the  pointer  K  will  in  1  minute  have  reached  the  mark  60  on  the 
dial  L.    The  divisions  are  arranged  with  this  end  in  view. 

VI.  Penetration  Test 
The  object  of  the  penetration  test  *  is  to  ascertain  the  consistency 
of  the  material  under  examination  by  determining  the  distance  a 
weighted  needle  will  penetrate  into  it  at  a  given  temperature.  A 
standard  No.  2  cambric  needle  is  employed  for  this  purpose  and 
this  needle  is  usually  weighted  with  100  grams.  The  depth  of 
penetration  is  determined  upon  the  bitumen  maintained  at  25°, 
while  the  load  is  applied  for  5  seconds. 

The  Dow  penetration  machine 
is  shown  in  Fig.  88b.  It  consists 
of  a  No.  2  needle  a,  inserted  in  a 
short  brass  [rod,  which  is  held  in 
the  aluminum  rod  6  by  a  binding 
screw.  The  aluminum  rod  is  se- 
cured in  a  framework  so  weighted 
and  balanced  that,  when  it  is  sup- 
ported on  the  point  of  the  needle, 
the  framework  and  rod  will  stand 
in  an  upright  position,  allowing  the 
needle  to  penetrate  perpendicu- 
larly without  the  aid  of  a  support. 
The  frame,  aluminum  rod  and 
needle  weigh  100  grams  with  the 
weight  c  on  the  bottom  of  the 
frame,  while  without  the  weight 

■  they  weigh  50  grams.     Fig.  88b 

Fig.  88b.  shows  the  needle  and  weighted 

frame,  together  with  the  side  and 
front  views  of  the  entire  apparatus,  put  together  and  ready  for  making  a  pene- 
tration. The  shelf  for  the  sample  is  marked  d;  e  is  the  clamp  to  bold  the  alu- 
minum rod  until  it  is  desired  to  make  a  test;  and  /  is  a  button,  which  when 
pressed,  opens  the  clamp.    By  turning  this  button,  while  the  clamp  is  being 

*  U.  8.  Dept.  of  Agric-,  Office  of  Public  Roads,  Bulletin  No.  38, 1911. 
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held  open,  it  will  lock  and  keep  the  clamp  from  closing  until  unlocked.  The 
device  for  measuring  the  distance  penetrated  by  the  needle  consists  of  a  rack, 
with  a  foot  g.  The  movement  of  this  rack  turns  a  pinion  to  which  is  attached 
the  hand  which  indicates  on  the  dial  h  the  vertical  distance  covered  by  the  rack. 
One  division  of  the  dial  corresponds  to  a  movement  of  0.1  mm.  by  the  rack. 
The  rack  may  be  raised  or  lowered  by  moving  the  counterweight  i  up  or  down. 
The  tin  box  containing  the  material  to  be  tested  is  marked  k;  this  is  sub- 
merged in  water  contained  in  the  glass  cup  in  order  to  maintain  a  constant 
temperature. 

A  sample  of  the  material  to  be  tested  is  warmed  sufficiently  to  flow,  and  is 
then  poured  into  the  tin  box.  The  box  and  contents,  after  cooling,  are  then 
immersed  in  the  water  maintained  at  the  temperature  at  which  the  test  is  to  be 
made,  and  allowed  to  remain  immersed  for  at  least  30  minutes.  The  sample 
in  the  tin  box  should  now  be  placed  in  the  glass  cup  and  removed  in  it,  covered 
with  as  much  water  as  convenient  without  spilling,  to  the  shelf  d.  The  brass 
rod  with  the  needle  is  inserted  into  b  and  secured  by  tightening  the  binding 
screw.  The  rod  is  lowered  until  the  point  of  the  needle  almost  touches  the 
surface  of  the  sample;  then  by  grasping  the  frame  with  both  hands  it  is  cau- 
tiously pulled  down  until  the  point  of  the  needle  just  comes  in  contact  with  the 
surface  of  the  sample.  This  contact  can  be  best  seen  by  having  a  light  so 
situated  that  upon  looking  through  the  sides  of  the  glass  cup,  a  reflection 
of  the  needle  will  be  visible.  After  thus  setting  the  needle,  the  counter- 
weight is  slowly  raised  until  the  foot  of  the  rack  rests  on  the  head  of  the  rod 
and  a  reading  of  the  dial  is  taken.  The  clamp  is  then  opened  wide  by  pressing 
the  button  and  is  held  in  this  position  for  exactly  5  seconds.  The  rack  is  then 
lowered  until  it  rests  on  the  rod ;  the  difference  between  the  first  and  second 
readings  of  the  dial  in  millimeters  is  taken  as  the  distance  penetrated  by  the 
needle.  3-5  teste  should  not  vary  more  than  0.3.  It  is  important  that  the 
needle  be  carefully  cleaned  before  each  test.  The  container  for  the  material 
consists  of  a  brass  cylinder  50  mm.  in  diameter  and  30  mm.  high,  resting  upon 
a  brass  plate.  The  interior  of  this  cylinder  is  portioned  off  into  5  compart- 
ments of  about  12  c.c.  capacity  each,  one  consisting  of  a  small  brass  cylinder 
23  mm.  in  diameter  and  concentric  with  the  large  cylinder.  Tests  may  be 
made  at  other  temperatures.  With  harder  substances  the  load  on  the  needle 
may  be  200  grams,  with  softer  only  50  grams. 

VII.  Ductility.    Tensile  Strength 

This  apparatus  shown  in  Figs.  89a  and  89b  is  used  in  the  United 
States  by  the  Barber  Asphalt  Company  and  has,  according  to 
C.  Richardson  and  E.  Graefe,  been  found  very  useful.  Petroleum 
residues  containing  much  paraffin  tear  apart  easily  when  placed  in 
B7  while  natural  asphalts  and  petroleum  residues  free  from  paraffin 
show  a  greater  tenacity. 

Method  of  Testing.  The  basin  of  the  ductilometer  is  filled  with  water  at 
25°  and  kept  at  this  temperature.  The  bitumen  is  poured  into  the  collapsible 
form  BB  which  is  hung  by  rings  to  the  hooks  C  attached  to  the  cradle  C  and 
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the  crosspiecc  C,  so  that  on  turning  the  wheel  U,  the  cradle  is  moved  and  the 
teat  briquette  pulled  apart.  The  turning  of  the  hand-wheel  H  should  be  uni- 
form (4  turns  per  second),  every  turn  being  indicated  by  a  clap  of  the  hammer 
K.  The  pulling  apart  is  continued  to  the  breaking 
point.  The  distance  between  the  two  ends  is  then 
measured  to  obtain  the  ductility  in  centimeters.  A 
check  result  should  be  obtained.  The  brass  form,  after 
being  tied  together,  is  placed  on  a  glass  plate  and  is 
then  filled  with  pitch.  It  is  advisable  to  grease  the 
side  pieces  of  the  mould  which  will  then  fall  off  in 
the  testing.  Deformations  of  the  briquettes  are  to  be 
avoided. 

VIII.  Specific  Gravity 
By  means  of  the  specific  gravity  it  can  be 
determined  whether  the  residue  was  obtained 
by  extreme  distillation  of  all  volatile  compo- 
nents. The  specific  gravity  also  serves  as  a 
means  of  identification  and  is  determined  by 
the  method  described  on  page  99  for  small 
amounts  of  material.  If  it  is  only  necessary 
to  determine  whether  the  specific  gravity  is 
over  or  under  1.0,  one  drop  of  the  substance, 
melted  but  not  overheated,  is  allowed  to  fall 
into  a  beaker  of  water  at  15°;  after  one  hour 
Fia  8Sa  t'ie  ^roP  '^  ^  I006***'  either  at  the  top 

or   at   the   bottom.     Air  bubbles   must   be 
removed  with   a  feather. 

For  an  exact  determination  of  the  specific  gravity  of  an  asphalt  (goudron) 
the  absolute  weight  m  of  a  small  amount  of  the  material  is  obtained ;  a  small 
pycknometer  (10  c.c.  capacity)  is  weighed  filled  with  water  (p)  and  again  after 


<#- 


<1> 


Flo.  8«b. 
putting  the  asphalt  into  the  water  (pi).    The  volume  of  water  displaced  will 

then  be  p  +  tn  —  pi  and  — -y — —  will  be  the  specific  gravity  of  the  asphalt 

at  the  temperature  of  the  experiment. 
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A  simple  method  for  determining  the  specific  gravity  of  asphalt, 
as  well  as  of  other  substances  contracting  on  solidification  (paraffin, 
wax,  etc.),  has  been  devised  by  Sommer.* 

It  is  a  difficult  matter  to  fill  even  a  cylindrical  vessel  completely  with  a  sub- 
stance which  contracts  on  solidification.  To  overcome  this  difficulty  a  riser 
(as  in  casting  iron)  is  attached.  After  cooling  the  cast  material  in  a  constant- 
temperature  bath,  the  excess  is  cut  off  with  a  warmed  knife  and  the  specific 
gravity  is  determined  by  weighing. 

IX.  Paraffin 

In  order  to  determine  the  amount  of  paraffin  in  petroleum  resi- 
dues it  is  advisable  (F.  Schwartz),  by  treatment  with  cone,  sul- 
phuric acid  and  animal  charcoal,  to  remove  the  coloring  matter 
and  resinous  bodies,  since  these  prevent  the  separation  of  the  par- 
affin in  a  pure  condition. 

Ten  grams  of  pitch  and  4  c.c.  of  cone,  sulphuric  acid  are  heated  in  a  small 
vessel  on  an  oil  bath,  with  constant  stirring,  to  180°  until  the  odor  of  SO*  can 
no  longer  be  detected.  Forty  grams  of  bone  black  are  then  added  and  the 
mixture,  after  pulverizing  (and  standing  over  night),  is  extracted  in  a  Graefe 
apparatus  using  naphtha  boiling  below  50°  as  the  solvent  (see  page  35). 
After  evaporation  of  the  naphtha,  the  light-colored  residue  is  analyzed  for  its 
paraffin  content  according  to  page  37.  The  amount  of  paraffin  is  then  re- 
calculated to  the  original  pitch. . 

X.  Detection  of  Foreign  Tars,  Pitches  and  Asphalts 

in  Petroleum  Pitches 

(a)  Detection  of  the  Fat-Pitches.  The  black  residues  obtained 
in  the  distillation  of  candle-stock  fatty  acids,  of  wool  fat,  of  palm 
oil,  etc.,  are  used,  as  are  the  tar  and  pitch-like  petroleum  residues, 
in  the  preparation  of  hot  neck  grease,  of  insulating  material  for 
cables,  for  roofing-felt,  etc.  The  softer,  less  brittle,  products  of 
this  sort  are  easily  distinguished  from  the  pitches  obtained  by  the 
distillation  of  petroleum  (which  contain  a  minimum  amount  of 
naphthenic  acids  or  organic  acids)  by  always  containing  fatty 
acids  and  esters  (pages  216  and  217,  1  and  2) ;  they  contain  be- 
sides these  bodies  high-boiling  hydrocarbons,  which  always  form 
in  the  distillation  of  fatty  bodies,  and  also  asphaltic  oxygen-con- 
taining bodies  in  increased  amount  (see  page  445  under  wool  fat 
olein).  The  brittle  residues,  obtained  industrially  by  strongly 
distilling  the  fats,  contain  only  small  amounts  of  fatty  acids  and 
esters  and  can  only  be  distinguished  from  the  petroleum  pitches 

*  Graefe,  Petrol.,  5,  266  (1909). 
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by  methods  2-3  or  similar  ones.  The  fat  can  be  qualitatively 
detected  by  the  fatty  odor  developing  on  heating  the  sample  on 
a  water  bath;  also  by  heating  the  sample  alone,  or  better  with 
powdered  potassium  bisulphate,  over  a  free  flame,  the  unpleasant 
odor  of  acrolein  can  be  detected.  The  acrolein  can  be  detected 
by  passing  the  vapors  into  an  ammoniacal  silver  salt  solution, 
which  will  be  reduced  by  the  acrolein. 
The  following  methods  are  used  in  exact  determinations: 
1.  By  Distillation.  By  dry  distillation  from  retorts,  the  fat- 
pitches  will  give  distillates  with  a  decided  content  of  fatty  acid; 
petroleum  and  lignite  pitches,  on  the  other  hand,  give  distillates 
free  from  acid  (see  Table  49).  These  differences  become  even  more 
pronounced  if  the  pitch  is  not  distilled  with  the  free  flame  but  with 
steam  superheated  to  300°  (see  Table  50). 

TABLE  49 

Acid  Values  of  Different  Pitches  Distilled  by  the  Cracking 

Method 


Hard  wool-pitch 

Mixture  of  hard  fat-pitches 

Hard  petroleum-pitch 

Lignite-tar  pitch 

Lignite-tar  pitch,  II 


Fraction  1 

Fraction  II 

Fraction  III 

(about  J  of 

(about  J  of 

(about  {  of 

the  total 

the  total 

the  total 

distillate) 

distillate) 

distillate) 

5.2 

1.1 

0.08 

5.3 

0.95 

0.6 

0.4 

0.4 

0.3 

0.1 

0.2 

0.4 

0.2 

0.6 

0.6 

It  must  be  kept  in  mind  in  making  these  tests  that  the  crack 
distillates  of  some  natural  asphalts  give  considerable  amounts  of 
acids,  which  can,  however,  be  distinguished  from  the  acids  distilled 
from  wool-pitches  by  their  brittleness,  slight  solubility  in  petroleum 
ether  and  through  the  solubility  of  their  salts  (see  page  223). 

TABLE  50 

Acid  Values  of  Distillates  Obtained  by  the  Distillation  of  Fat- 
Pitches  with  Steam 


Fraction  1 

Fraction  11 

Fraction  III 

Hard  pitch  mixture 

14.6 
34.8 

13.7 
37.8 

13.4 

Soft  wool-fat  pitch 

7.0 
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Considerable  quantities  of  pure  white  candle  paraffin  (14-17 
per  cent)  can  be  separated  from  the  distillates  *  of  fat-pitches  by 
the  alcohol-ether  method  (page  34).  The  following  elementary 
analyses  of  certain  of  such  distillates  show  the  composition  of  the 
solid  paraffins  and  the  liquid  portion  of  the  distillate  (correspond- 
ing in  large  degree  to  the  unsaturated  distillates  obtained  by  crack 
distillation  of  petroleum  pitch). 

TABLE  51 


Paraffin  from  the  distillate  of  a 
hard  wool-pitch 

Paraffin  from  the  distillate  of  a 
mixture  of  hard  fat-pitches 

Liquid  from  a  hard  wool-pitch 
freed  from  fatty  acids  and  paraf- 
fin  


Per  cent  C 


85.02 

85.37 
84.51 


85.89 


Per  cent  H 


14.3 

14.89 
14.93 


13.07 


Per  cent  CH 


99.32 

100.26 
99.44 


99.96 


The  specific  gravities  of  the  fractions  from  fat-pitches,  petro- 
leum and  lignite  pitches  distilled  with  a  free  flame  are  consider- 
ably less  than  unity,  while  the  specific  gravities  of  the  aromatic 
distillates  from  coal-tar  pitch  are  greater  than  1.  The  latter 
are  also  easily  soluble  in  alcohol  with  gentle  heating  and  are  sul- 
phonated  with  cone,  sulphuric  acid. 

Some  time  ago,  in  order  to  be  admitted  free  of  duty  (Germany), 
petroleum  residues  were  increased  in  specific  gravity  by  adultera- 
tion with  rosin  to  values  above  unity.  If,  therefore,  the  specific 
gravity  is  over  1,  the  pitch  must -be  extracted  with  boiling  70  per 
cent  alcohol,  the  alcoholic  extract  evaporated  and  the  Morawski 
reaction  applied  to  the  residue  (see  page  147).  The  acid  value 
is  also  increased  by  the  addition  of  colophony. 

2.  Distinguishing  between  Hard  Fat-Pitches  and  Petroleum- 
and  Lignite-Tar-Pitches.  The  hard  fat-pitches  still  contain  con- 
siderable amounts  of  fatty  acids  and  esters  and,  therefore,  give 
higher  saponification  values  than  do  petroleum  residues;  this, 
therefore,  gives  a  means  of  distinguishing  between  the  two  kinds 
of  material. 

According  to  the  assumption  of  G.  Kraemer,  who  obtained  ester 


*  Donath,  Chem.  Ztg.,  17,  1788  (1893). 
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values  *  of  2-4  with  asphalt  from  Wietze  crude  oil  and  attributed 
these  to  the  presence  of  wax  esters,  the  pitches  under  examination 
should  contain  recognizable  amounts  of  esters.  Since,  however, 
the  ester  values  of  Kraemer  and  those  of  the  Materialprüfungs- 
amt were  obtained  with  N/2  alcoholic  KOH  which  may  exert  an 
oxidizing  action  on  the  unsaturated  bodies,  the  low  ester  values  in 
question  do  not  appear  to  be  a  sufficient  basis  for  assuming  the 
presence  of  esters  in  asphalt  and  pitch.  It  may  be  seen  from  the 
iodine  values  of  fractions  obtained  from  asphalts  and  pitches,  given 
on  page  237,  that  these  bodies  may  contain  considerable  amounts 
of  unsaturated  components.  For  the  same  reason  it  must  not  be 
assumed  that  the  oxy-acid-like  bodies,  difficultly  soluble  in  petro- 
leum ether,  which  are  obtained  by  boiling  mineral  oils,  montan 
wax,  ozokerite,  etc.,  exist  previously  formed  in  these  bodies.f 

Marcusson  \  proposes  the  following  method  for  the  determina- 
tion of  the  saponification  value  of  pitches: 

.  5  grams  of  pitch  are  dissolved  in  25  o.e.  of  benzol  free  from  sulphur  and  then 
heated  with  25  c.c.  of  N/l  alcoholic  KOH  for  1  hour  under  a  reflux  condenser. 
After  cooling,  there  are  added  200  c.c.  of  neutralized  96  per  cent  alcohol,  3  c.c. 
of  a  1  per  cent  alcoholic  Phenolphthalein  solution  and  3  c.c.  of  a  3  per  cent 
alcoholic  solution  of  alkali  blue  6  b  (Höchster  Farbwerke)  and  the  mixture  is 
titrated  with  N/2  hydrochloric  acid  to  a  distinct  blue  color.  The  color  is  best 
determined  by  observation  of  the  liquid  draining  down  the  sides  after  shaking, 
or  by  removing  a  portion  of  the  solution  to  a  test  tube.  Fat-pitches  give  with 
this  procedure  saponification  values  of  33-106;  petroleum  pitch  and  lignite- 
tar  pitch,  values  of  £-21. 

If  the  saponification  value  is  near  100,  it  will  be  possible  to  con- 
clude that  pure  fat-pitch  is  present.  The  presence  of  fat-pitch 
can  always  be  determined  in  thig  way.  If  the  value  is  lower,  the 
presence  of  petroleum  pitch,  in  the  presence  of  fat-pitch,  can  be 
determined  by  the  following  method  of  Marcusson,  provided  20 
per  cent  of  petroleum  pitch  is  present.  The  test  depends  on  the 
fact  that  petroleum  pitch  does  (fat-pitch  does  not)  form  insoluble 
double  compounds  with  a  mercury  bromide  solution  (used  first  by 
Malencovic  for  other  asphalt  investigations)  because  of  the  pres- 
ence in  it  of  sulphide  sulphur. 

*  Chem.  Ztg.,  31,  675  (1907). 

t  Note  in  this  connection  the  high  iodine  values  15-26  and  saponification 
values  28.6-34.3  of  resins  separated  from  Russian  mineral  oils  which  were  free 
from  acid  (Mitteilungen,  25,  147  (1907)). 

t  Zeit.  f.  angew.  Chem.,  24,  1297  (1911). 
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10  grams  of  pitch  are  dissolved  in  25  c.c.  of  benzol  with  gentle  heating, 
cooled,  30  c.c.  of  N/2  alcoholic  KOH  are  added,  the  mixture  is  shaken  and 
quickly  diluted  with  200  c.c.  of  96  per  cent  alcohol.  After  standing  for  a 
short  time,  the  alcohol  solution  is  decanted,  the  residue  in  the  flask  washed 
with  a  little  alcohol,  warmed  on  a  water  bath,  sucked  free  from  alcohol  and 
then  dried  at  105°.  The  residue  is  dissolved  in  ether  with  gentle  heating 
under  a  reflux  condenser,  some  granular  calcium  chloride  being  added,  and 
after  settling  and  cooling,  filtered  through  a  pleated  filter  into  a  3.5  mm.  test 
tube,  the  undissolved  asphalt  being  thus  separated.  The  solution  thus  ob- 
tained is  treated  with  20  c.c.  of  mercuric  bromide  (5  grams  in  250  c.c.  of  an- 
hydrous ether)  and  allowed  to  stand  over  night.  The  precipitate  formed  is 
collected  on  a  filter,  washed  with  ether  and  dissolved  in  warm  benzol.  Mer- 
curous  bromide  which  may  have  been  precipitated  remains  on  the  paper  un- 
dissolved. Considerable  amounts  of  petroleum  pitch  give  a  precipitate  which 
dissolves  in  benzol  with  a  brown-black  color. 

3.  Copper  Content  of  Fat-Pitch.  Probably  all  fat-pitches 
contain  (if  only  in  small  amounts)  copper  soaps  from  the  copper 
stills  used  in  their  distillation.  The  petroleum  residues,  on  the 
other  hand,  are  free  from  copper,  since  petroleum  is  distilled  only 
from  wrought  iron  or  cast  iron  stills. 

4.  Distinguishing  between  Stearin  Pitch  and  Wool  Pitch. 
By  boiling  with  strong  alcoholic  potash,  Donath  and  Margosches  * 
found  that  wool  pitch  does  (stearin  pitch  does  not)  give  a  precipi- 
tate difficultly  soluble  in  boiling  alcohol  and  in  hot  water,  which  on 
treatment  with  hydrochloric  acid  splits  off  a  dark  fatty  acid.  This 
acid  purified  by  treatment  with  alcohol  and  bone  black,  and  re- 
crystallized,  gives  a  snow-white  body  melting  at  80-82.5°. 

10  grams  of  pitch  are  boiled  with  60  c.c.  of  N/2  alcoholic  KOH  for  J  hour. 
If,  on  cooling,  a  layer  of  crystals  forms  above  the  insoluble  pitch,  wool  pitch 
may  be  considered  present. 

5.  In  the  treatment  of  the  benzol  solution  of  the  pitch  with 
naphtha  and  cone,  sulphuric  acid,  according  to  Marcusson-Eick- 
mann  (page  225),  Stearine  pitch  gave  3.3-11.8  per  cent  of  oily 
material,  wool  pitch  15.4r-40  per  cent,  while  petroleum  pitches 
gave  more  (40-60  per  cent). 

(6)  Detection  of  Wood  Tar,  Pine  Tar  and  Coal  Tar  or  the 
Pitches  Derived  from  them  in  Petroleum  Pitch. 

1.  Wood  tar,  resulting  from  the  dry  distillation  of  wood,  is  recognized  by 
its  characteristic  creosote  odor  and  its  almost  complete  solubility  in  cold  abso- 
lute alcohol  and  in  glacial  acetic  acid.    Foreign  pitches,  which  may  be  present, 

♦  Chem.  Ind.,  1904,  224. 
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remain  to  a  large  degree  undissolved  on  treatment  with  alcohol.  An  aqueous 
extract  of  the  wood  tar  has  an  acid  reaction  (acetic  acid)  and  gives,  with  a  drop 
of  ferric  chloride,  a  green  coloration,  which  latter  assumes  a  brownish  tinge. 
The  first  distillates  of  wood  tar  form  aqueous  liquids  with  an  acid  reaction. 
The  oily  distillates  have  a  more  or  less  strong  odor  of  creosote,  are  easily  soluble 
in  alcohol  and  on  treatment  with  cone,  sulphuric  acid  are  changed  into  water- 
soluble  substances. 

Wood-tar  Pitch  differs  *  from  all  other  pitches  in  being  difficultly  soluble  in 
cold  carbon  tetrachloride.  Like  pine-tar  pitch  it  has  a  specific  gravity  of  more 
than  1  and  contains  large  amounts  of  rosin  acids;  the  oily  parts  of  the  distil- 
lates are  in  part  insoluble  in  naphtha  (as  are  those  of  wood  tar). 

2.  Pine  Tar,  obtained  by  the  distillation  of  resinous  wood,  has  a  high  acid 
value  because  of  its  considerable  content  of  rosin  acids  (30  per  cent,  for  ex- 
ample) ;  it  begins  to  boil  near  110°.  The  first  distillates  up  to  200°  are  in  part 
aqueous  and  are  acid,  having  an  odor  of  wood  tar,  as  do  also  the  portions  boil- 
ing up  to  300°.  The  specific  gravity  of  the  oily  distillates  is  over  1.0,  they  do 
not  completely  dissolve  in  "  normal  benzine,'1  give  a  red  color  with  sulphuric 
acid  of  specific  gravity  1.62  (as  do  the  rosin  oils)  and  give  the  Morawski  re- 
action very  sharply,  because  of  the  presence  in  the  distillates  of  rosin  oil  formed 
from  the  rosin  acids  present  in  the  pine  tar. 

The  distillates  boiling  over  300°  also  have  a  specific  gravity  of  over  1  but 
dissolve  almost  completely  in  an  equal  volume  of  "  normal  benzine,"  the  solu- 
bility decreasing  on  adding  more  "  normal  benzine.11 

Pine  Pitch  acts  like  pine  tar.  It  has  a  high  content  of  rosin  acids  (an  acid 
value  of  57)  and  begins  to  boil  at  140°.  Between  200°  and  300°  are  obtained 
distillates  which  are  in  part  aqueous,  in  part  oily;  of  the  latter  00  per  cent  is 
soluble  in  an  equal  volume  of  "normal  benzine,11  only  80  per  cent  is  soluble  in 
4  volumes  of  "  normal  benzine."  The  higher  boiling  fractions  are  almost  com- 
pletely soluble  in  an  equal  volume  of  "  normal  benzine,"  but  less  soluble  in  4 
volumes. 

3.  Coal  Tar  and  Coal-tar  Pitch,  the  first  being  recognizable  by  its  creosote 
odor,  contain  considerable  amounts  of  soot-like  particles  insoluble  in  benzol, 
which  are,  however,  not  pure  carbon  but  consist,  at  least  in  part,  of  hydrocar- 
bons of  very  high  carbon  content  (tar  contains  21  per  cent  of  soot-like  particles, 
pitch  decidedly  more).  In  this  they  are  distinguished  from  all  other  pitches 
which  have  not  been  distilled  to  the  coking  point,  such  pitches  all  being  soluble 
in  benzol  or  containing  only  a  trace  of  material  insoluble  in  benzol.  The 
sulphur  content  of  coal-tar  pitch  is  as  a  rule  only  0.6-0.8  per  cent. 

Because  of  its  content  of  the  higher  phenols,  coal  tar  gives  the  Graefe  re- 
action with  diazobenzol  chloride,  described  on  page  222. 

Alcoholic  extracts  made  of  wood-tar  and  coal-tar  pitches  contain  consider- 
able amounts  of  substances  of  specific  gravity  less  than  1.  The  distillates 
from  coal  tar  are  easily  soluble  in  alcohol  and  are  changed  to  water-soluble 
bodies  on  heating  with  cone,  sulphuric  acid.  The  portions  boiling  over  200° 
have  a  specific  gravity  of  more  than  1 ;  while  the  distillates  from  petroleum 
pitch,  lignite  pitch  and  fat-pitch  all  have  specific  gravities  of  less  than  1,  are 

*  Donath  and  Margoschee,  loc.  cit. 
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difficultly  soluble  in  alcohol  and  contain  considerable  quantities  of  materials 
not  sulphonated  by  sulphuric  acid. 

To  determine  the  amount  sulphonated  several  grams  of  the  pitch  are 
warmed  for  1  hour  with  5  volumes  of  cone,  sulphuric  acid  on  a  water  bath, 
and  poured  into  500  c.c.  of  water  (see  also  page  241  under  "  quantitative  de- 
termination of  asphalt").  To  determine  the  nature  and  amount  of  the  un- 
sulphonated  bodies,  Holde  suggests  that  the  entire  liquid  be  poured  into  a  500 
c.c.  flask  with  a  long  narrow  neck  graduated  to  0.1  c.c.  (Fig.  90).  On  heating 
the  flask  with  warm  water,  the  unsulphonated  particles  collect  in  the  neck  and 
can  be  conveniently  run  off  sidewayB  through  the  tube  by  adding  water. 

Mixed  with  other  pitches,  coal  tar  or  coal-tar  pitch  can 
be  detected  by  the  above  characteristics,  and  certainly  by 
the  following  anthraquinone  test.  A  part  of  the  distillate 
passing  over  300°  or  the  solidified  portion  of  the  same  (this 
can  be  easily  separated  from  the  liquid  portion  by  treat- 
ment with  a  little  absolute  alcohol)  is  oxidized  *  and  the 
anthraquinone  obtained  detected  by  the  Liebermann  re- 
action, a  bright  red  coloration  being  formed  on  boiling  with 
sine  dust  and  sodium  hydroxide,  f  After  filtering,  decoloni- 
zation will  gradually  take  place  in  the  air. 

To  carry  out  the  oxidation  1  gram  of  the  substance  is 
dissolved  in  45  c.c.  of  glacial  acetic  acid  and  to  the  boiling 
solution  is  added  in  the  course  of  two  hours,  drop  by  drop, 
a  solution  of  15  grams  of  chromic  acid  in  10  c.c.  of  glacial 
acetic  acid  and  10  c.c.  of  water;  the  mixture,  boiled  two 
hours,  is  allowed  to  cool,  400  c.c.  of  water  are  added  and  p  qq 
the  precipitated  anthraquinone  is  collected.  If  the  mate- 
rial contains  only  small  amounts  of  coal-tar  pitch,  corresponding  greater 
amounts  of  material  and  oxidizing  agent  are  used. 

According  to  F.  Schwartz  foreign  tars  and  pitches  in  the  presence 

of  coal  tar  are  detected  by  examination  of  the  portion  unattacked 

by  cone,  sulphuric  acid,  according  to  the  methods  given  on  page 

215. 

10  grams  of  pitch  are  treated  with  4  c.c.  of  cone,  sulphuric  acid,  the  amount 
of  residue  obtained  on  evaporation  of  the  naphtha  extract  (obtained  according 
to  page  215)  serves  as  a  measure  of  the  amount  of  foreign  pitch  present. 

According  to  Schwartz  the  amount  of  substances  not  attacked 

by  cone,  sulphuric  acid  varies: 

with  coal-tar  pitches  from  0.10  to  0.21  per  cent, 

with  natural  asphalts  from  0.6  to  11  per  cent  (generally  from 

3  to  5  per  cent), 

with  petroleum  pitches  from  5.7  to  36  per  cent  (generally  from 

15  to  30  per  cent). 

*  Luck,  Zeit.  f.  anal.  Chem.,  16,  61. 
t  Annalen,  212,  65. 
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If,  therefore,  values  are  obtained  which  are  decidedly  more  than 
0.2  per  cent,  it  will  be  necessary  to  assume  the  presence  of  another 
bitumen  in  the  presence  of  coal  tar. 

If  the  different  kinds  of  coal  tars  are  to  be  distinguished  (gas  tar,  blast-fur- 
nace tar,  etc.,)  from  one  another,  a  determination  of  the  amount  of  free  carbon 
and  of  ash  is  of  value.  Gas-tar  pitch  (with  the  exception  of  the  vertical-retort- 
tar  pitch  which  is  like  coke-oven-tar  pitch)  rarely  contains  less  than  25-30  per 
cent  of  fixed  carbon,  coke-oven-tar  pitch,  as  a  rule,  contains  5-7,  rarely  10-12 
per  cent;  gas-tar  pitch  and  coke-oven-tar  pitch  give  rarely  more  than  0.1  (up 
to  0.5)  per  cent  of  ash,  blast-furnace-tar  pitch,  however,  gives  quite  high  values 
(at  least  6.8  to  11.1  per  cent). 

(c)  Lignite-tar  Pitch.  This  can  be  distinguished  from  coal- 
tar  pitch  by  its  not  containing  carbonaceous  particles  insoluble 
in  benzol.  It  gives  the  diazobenzol  reaction  *  (as  does  coal  tar) 
because  of  its  content  of  phenol-like  bodies. 

2  grams  of  bitumen  are  boiled  5  minutes  with  20  c.c.  of  N/1  aqueous  NaOH, 
and  filtered  when  cool.  If  the  filtrate  is  very  dark  colored,  shaking  with  finely 
powdered  NaCl  will  lighten  the  color.  The  filtrate  is  treated  with  diazobenzol 
chloride  solution  (freshly  made  from  anilin,  hydrochloric  acid  and  potassium 
nitrite) ;  in  the  presence  of  phenols  a  red  color  appears,  and  under  some  con- 
ditions a  red  precipitate  forms. 

Natural  asphalt,  petroleum  pitch  and  fat-pitch  f  give  only  a 
yellow  or  orange  but  not  a  red  color. 

Loebell  has  improved  the  method  for  the  detection  of  lignite-tar 
pitch  and  coal-tar  pitch  in  the  presence  of  natural  or  petroleum 
asphalt. 

The  sample  is  pulverized,  if  necessary  with  the  addition  of  sand.  Several 
grams  of  the  pulverized  material  are  extracted  with  acetone,  the  extract  of 
lignite-tar  pitch  and  of  coal-tar  pitch  being  red  brown  to  dark  brown,  of  natu- 
ral and  petroleum  asphalt,  colorless  or  lemon  yellow.  The  residue  obtained 
on  evaporating  the  acetone,  after  treatment  with  N/2  aqueous  alkali,  gives 
with  diazobenzol  chloride  a  red  color  in  the  presence  of  lignite-tar  pitch  or 
coal-tar  pitch;  with  natural  asphalt  an  almost  colorless  solution  is  obtained. 

A  positive  diazo-test  does  not  necessarily  mean  an  adulteration  t 
with  lignite-tar  pitch,  since  often  lignite-tar  oils  (paraffin  oils)  are 
added  to  natural  asphalt  in  order  to  make  it  more  workable. 

In  order  to  determine  in  such  a  case  whether  an  allowable  addi- 
tion of  lignite-tar  oil  has  been  made  or  the  material  has  been 

*  Graefe,  Chem.  Ztg.,  80,  298  (1006). 

t  Marcusson  and  Eickmann,  Chem.  Ztg.,  82,  965  (1908). 

t  Chem.  Rev.,  18,  47  (1911). 
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adulterated  with  lignite-tar  pitch,  the  diazo-test  is  made  with  the 
asphalts  insoluble  in  petroleum  ether  (see  method  of  Marcusson 
and  Eickmann,  page  225).  If  the  asphalt  also  gives  the  diazo- 
reaction,  lignite-tar  pitch  is  present. 

In  order  to  obtain  all  the  phenols  from  the  asphaltic  precipitate  (formed 
by  the  addition  of  petroleum  ether  to  the  benzol  solution  of  the  pitch,  accord- 
ing to  page  225),  the  mass  is  boiled  for  1  hour  under  a  reflux  condenser  with 
alcoholic  KOH,  filtered  after  cooling,  the  alcohol  evaporated  from  the  nitrate 
and  the  residue  dissolved  in  water.  The  (generally  dark  colored)  solution 
thus  obtained  is  shaken  with  NaCl  to  lighten  the  color,  most  of  the  impurities 
being  precipitated.  The  light-colored  filtrate  is  then  tested  as  usual  by  means 
of  the  diazobenzol  chloride  reaction. 

In  the  testing  of  asphalt  mastic  for  lignite-tar  pitch  it  must  be 
remembered  that  the  mastic  is  prepared  by  the  heating  of  a  bitu- 
minous limestone  with  a  natural  asphalt  or  with  a  substitute  for 
asphalt.  If  lignite-tar  pitch  is  used,  the  phenolic  bodies  present 
may  chemically  unite  with  the  limestone  with  the  formation  of 
calcium  phenolate.  If  the  mastic  is  then  extracted  with  benzol 
or  chloroform,  very  few  phenols  will  be  found  in  the  extract;  con- 
sequently, the  diazo-reaction  may  fail  even  in  the  presence  of  lig- 
nite-tar pitch.  If,  however,  the  mastic  is  extracted  with  an  organic 
solvent  in  the  presence  of  hydrochloric  acid  (for  example,  ether- 
hydrochloric  acid),  the  phenolates  will  be  decomposed  and  the 
diazo-reaction  will  be  given  with  considerable  sharpness. 

(d)  The  Detection  of  Natural  Asphalt  in  petroleum-pitches 
need  hardly  be  considered  because  of  the  higher  value  of  the  former. 
More  important  is  the  reverse  detection  (page  225).  The  deter- 
mination of  each  in  the  presence  of  the  other  is  often  required. 
Petroleum  pitch  can  be  detected  in  a  mixture  of  bitumens  accord- 
ing to  page  225;  in  such  a  case,  however,  it  will  be  necessary  to 
determine  through  an  analysis  for  the  amount  of  sulphur  whether 
a  natural  asphalt  is  present.  This  determination  is  made  as  fol- 
lows, according  to  Marcusson.* 

30  grams  of  the  sample  (if  it  contains  ash,  an  amount  of  bitumen  equal  to 
30  grams)  are  distilled  in  a  small  retort  and  2  fractions,  each  of  4-5  c.c,  are 
caught  in  small  measuring  cylinders.  After  exactly  measuring  the  volume  of 
these  fractions,  they  are  dissolved  in  benzol  and  then  washed  with  water  (in 
case  mineral  acid  is  present,  formed  from  the  sulphur  in  the  bitumen  or  in  the 
chloroform  used  to  extract  the  bitumen)  and  then  after  adding  neutral  alcohol, 
titrated  with  N/10  alkali  in  the  presence  of  alkali  blue.    If  natural  asphalt  is 

*  Chem.  Rev.,  18,  47  (1911). 
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present,  the  first  distillate  will  show  an  acid  value  of  more  than  1;  With  petro- 
leum pitch,  of  less  than  1;  the  second  distillate  in  the  presence  of  natural 
asphalt  will  still  show  a  decided  acidity,  while  the  petroleum  pitch  will  be  free 
from  acid.  The  procedure  is  applicable  only  when  fat-pitches  are  absent, 
since  these  show  a  decided  acidity  in  their  distillates  (page  216).  Fat-pitches 
are,  however,  recognized  by  the  acrolein  odor  developed  on  heating  (page  216). 
Another  difference  is  that  on  distilling  fat-pitch  the  acids  obtained  are  easily 
soluble  in  naphtha  (being  fatty  acids)  while  those  from  asphalt  are  brittle  and 
almost  insoluble  in  naphtha. 

Characteristic  of  natural  asphalt  is  a  considerable  content  of 
ash,  while  petroleum  residues  are  almost  free  from  ash.  Natural 
asphalts  contain  as  a  rule  from  1.7  to  10  per  cent  of  sulphur; 
many  petroleum  pitches,  obtained  from  crude  oils  free  from  sul- 
phur or  containing  only  minimum  amounts  of  sulphur,  contain  only 
very  small  amounts  of  sulphur  (1.4  per  cent  at  the  most).  Mexi- 
can petroleum  residues,  however,  may  contain  2-6  per  cent  of 
sulphur.*  Hungarian  petroleum  pitches  of  melting  point  34°  and 
55.4°,  of  specific  gravity  1.02  and  1.03,  contain  for  example  86.3 
and  87.3  per  cent  carbon,  10.3  and  9.7  per  cent  hydrogen  and  3.4 
and  3.0  per  cent  oxygen,  but  no  sulphur  or  nitrogen.  If  the 
origin  of  the  petroleum  pitch  is  known  it  may  be  possible  to  deter- 
mine from  the  amount  of  sulphur  whether  natural  asphalt  is 
present.  It  must  be  remembered,  however,  that  petroleum  pitch, 
coal-tar  pitch,  etc.,  on  boiling  with  sulphur  are  changed  into  prod- 
ucts more  suited  for  the  preparation  of  asphalt;  in  such  a  case, 
the  sulphur  content  would  give  no  information.  The  artificial 
addition  of  sulphur  could  be  shown  by  the  evolution  of  hydrogen 
sulphide  on  treating  the  pitch  with  steam. 

In  some  places,  as,  for  example,  at  Derna  and  Tataros  in  southern 
Hungary,  a  natural  asphalt  is  obtained  by  heating  an  asphalt  sand 
(containing  15-22  per  cent  of  soft  bitumen)  with  hot  water,  the 
sand  and  the  bitumen  being  separated.  The  bitumen  after  drying 
is  distilled,  a  lubricating  oil  and  a  harder  asphalt  (used  for  building 
purposes  and  for  paving)  being  obtained.  This  natural  asphalt  is, 
consequently,  a  distillation  residue  and  is  similar  to  petroleum 
residues  in  many  respects. 

Sulphur  is  determined  by  the  Marcusson  and  Döscher  modifica- 
tion t  of  the  Hempel-Graefe.    The  substance  is  burned  in  an  at- 

*  Lohmann,  Chem.  Rev.,  18, 107  (1911).    In  all  other  properties,  Mexican 
petroleum  residues  are  like  other  petroleum  pitches, 
t  Chem.  Ztg.,  84»  417  (1910). 
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mosphere  of  oxygen,  the  sulphur  dioxide  being  absorbed  in  NaOH, 
oxidized  by  bromine  and  precipitated  as  barium  sulphate. 

Id  a  platinum  capsule  with  0.5  mm.  perforations  in  the  aides  (Fig.  Qla) 
about  0.3  gram  substance  is  weighed  on  a  little  cotton  on  which  has  been 
sprinkled  some  saltpeter;  more  niter  is  added  and  then  covered  with  cotton. 
The  7-liter  bottle  (Fig.  91b)  ia  then  filled  with  oxygen  and  about  100  c.c.  of 
purest  sodium  hydroxide  solution  (10  per  cent)  added;  the  capsule  is  hung  on 
the  wire  attached  to  the  ground-glass  stopper,  a  thread  is  fastened  to  the  cotton 
at  one  end  and  to  the  top  of  the  wire  at  the  other  and  then  ignited,  immediately 
closing  the  bottle  with  the  slightly  greased  stopper,  this  being  held  down 
tightly  during  the  combustion.  After  standing  one  hour,  the  reaction  product 
is  washed  into  a  beaker,  warmed  with  bromine,  cautiously  acidified  with  dilute 
hydrochloric  acid  and  filtered.  Barium  chloride  is  added  to  the  boiling  filtrate 
and  the  sulphate  weighed  as  usual. 


Fw.  91a.  Fir..  91b. 

The  Eschka  method,  used  in  Russia  (see  page  172),  has  the  ad- 
vantage of  being  applicable  where  oxygen  is  not  available. 

(e)  Detection  of  Petroleum  Pitch  in  Natural  Asphalt.  This  is 
of  much  greater  importance  than  the  reverse  case  taken  up  under 
(d).  The  method  of  Marcusson  and  Eickmann  *  is  available  for 
the  analytical  differentiation  of  natural  from  artificial  asphalt;  it 
depends  on  the  examination  of  portions  of  the  pitches  insoluble  in 
petroleum  ether. 

20  grams  of  bitumen  are  dissolved  in  a  small  flask  with  30  c.c.  of  beniol 
undo'  a  reflux;  the  solution  is  poured  with  shaking  into  400  c.c.  of  petroleum 
ether  boiling  under  80°  and  the  flask  rinsed  with  40  c.c.  of  petroleum  ether. 
After  standing,  the  precipitated  asphaltic  material  is  collected,  washed  with 
petroleum  ether  and  the  filtrate  treated  three  times  with  30  c.c.  of  cone,  sul- 
phuric acid  in  a  separatory  funnel  to  completely  remove  asphaltic  bodies. 
*  Ghem.  Ztg.,  SS,  965  (1908). 
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The  petroleum  ether  solution  is  washed  with  N/l  alcoholic  (50  per  cent)  alkali 
and  then  several  times  with  water;  the  petroleum  ether  is  then  evaporated 
and  the  residue  warmed  5  minutes  on  a  water  bath  to  constant  weight.  The 
easy  volatility  of  mineral  oils  must  be  considered  here  and  care  taken  not  to 
superheat. 

It  is  generally  sufficient  to  determine  the  amount  and  the  consistence  of  the 
oily  portion  to  discover  whether  natural  asphalt  or  petroleum  residue  is  present. 
Before  determining  the  consistence,  the  oil  (see  page  96)  is  to  be  heated  10 
minutes  in  a  15  mm.  wide  test  tube  (on  a  water  bath)  and  it  is  then  to  be  kept 
for  1  hour  without  disturbance  at  20°. 

Natural  asphalt  gives  *  from  1.4  to  34  per  cent  of  oily  components, 
yellow  brown  to  brown  in  color,  with  a  paraffin  content  of  at  most  1 
per  cent;  on  cooling  the  alcohol-ether  solution  to  —20°  resinous, 
transparent  bodies  precipitate.  Petroleum  pitch  gives  26-58  per 
cent  of  oily  parts,  green  to  greenish-black,  not  liquid  at  20°,  of  a 
salve-like  consistence,  and  with  vaseline-like  separations;  the 
paraffin  content  of  these  portions  is,  as  a  rule,  3.3  to  16.6  per  cent, 
in  some  cases  it  may  go  as  low  as  2  per  cent. 

To  determine  the  amount  of  paraffin  in  the  oily  portion  soluble 
in  petroleum  ether,  this  should  be  distilled  and  the  paraffin  deter- 
mined in  the  distillate,  being  calculated  to  the  original  amount  of 
oil  used. 

If  the  oily  residue  is  more  than  34  per  cent  (referred  to  the  ash- 
free  bitumen),  and  if  it  shows  a  salve-like  consistence  at  20°  and 
gives  vaseline-like  separations,  then  the  presence  of  petroleum 
residue  is  probable.  If  only  one  of  the  conditions  is  fulfilled  (as, 
for  example,  with  mixtures)  then  the  determination  of  the  paraffin 
content  of  the  oily  parts  will  decide  the  question;  if  the  paraffin 
content  is  more  than  2  per  cent,  petroleum  pitch  must  be  assumed 
present.  In  this  way  25  per  cent  petroleum  pitch  in  natural 
asphalt  can  be  detected. 

Paraffin  oil  which  is  added  to  natural  asphalt  to  make  it  more 
pliable  does  not  affect  the  differentiation  of  natural  and  artificial 
asphalt.     (See  Marcusson,  above.) 

Holde  and  Eickmann  have  been  able  to  distinguish  between  pe- 
troleum pitch  and  natural  asphalt  through  determining  the  sulphur 
content  of  successive  extractions  with  petroleum  ether,  naphtha, 
benzol  and  chloroform.  With  the  former,  the  amount  of  sulphur 
is  the  same  in  the  original  sample  as  in  the  extracts;  in  the  latter, 
the  sulphur  content  gradually  rises.     (See  Table  55,  page  240.) 

*  The  results  are  referred  to  ash-free  bitumen. 
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XI.  Asphalt  Cements 

These  are  used  in  the  preparation  of  insulating  materials  used  in 
the  building  industry  and  frequently  contain  mixtures  of  natural 
asphalt,  coal-tar  distillation  residues,  or  only  the  latter  in  a  sul- 
phurized condition,  colophony  being  added.  The  addition  of  sul- 
phur is  said  to  make  the  product  more  resistant  to  the  weather; 
the  rosin  is  added  to  increase  its  adhesive  properties. 

The  colophony  present  is  determined  quantitatively  by  the 
method  of  Holde  and  Meister.* 

10-20  grams  of  the  sample  (in  the  presence  of  over  4  per  cent  of  rosin,  2.5-5 
grams  will  be  enough)  are  extracted  with  200  c.c.  of  ether  under  a  reflux  con- 
denser; the  undissolved  portions  separated  by  filtration  are  washed  three 
times  with  ether.  The  filtrate  is  shaken  (six  times  is  generally  sufficient)  with 
30  c.c.  portions  of  N/10  NaOH  (aqueous)  until  the  aqueous  layer  appears 
colorless.  The  soap  solution  thus  obtained  is  twice  shaken  with  50  c.c.  por- 
tions of  ether,  the  united  ether  extracts  once  with  30  c.c.  of  N/l  alkali.  The 
united  alkaline  extracts  containing  the  colophony  as  soap,  are  treated  with 
dilute  sulphuric  acid  in  a  separatory  funnel  in  the  presence  of  ether.  After 
exhaustive  extraction  with  ether  the  ether  solution  of  the  colophony  (in  the 
form  of  abietic  acid)  is  washed  free  from  mineral  acid  by  treatment  with  Glau- 
ber's salt  solution,  and  after  filtration,  evaporated  to  100  c.c.  The  solution  is 
then  boiled  with  0.5  gram  of  dry  bone  black,  the  red  brown  color  becoming 
decidedly  less.  After  filtering  and  washing  out  the  bone  black  with  ether,  the 
solvent  is  evaporated  on  a  water  bath,  the  residue  dried  5  minutes  at  105°  and 
weighed  after  cooling.  To  the  weight  found  is  added  a  correction  of  8  per  cent 
to  make  up  for  the  portion  of  the  rosin  not  soluble  in  the  N/10  aqueous  alkali. 

Eleven  artificial  mixtures  of  rosin  and  coal-tar  pitch  containing 
from  1.5  to  14  per  cent  colophony  were  examined  by  this  method 
and  the  amount  found  varied  from  that  actually  present  not  more 
than  0.7  per  cent. 

XII.  Examination  of  Rock  Asphalt  and  op  Asphalt 

Powdeb 

As  substitutes  for  natural  asphalt  are  sometimes  found  mixtures 
of  petroleum  pitch  (and  other  residues  from  the  distillation  of 
bituminous  materials)  with  limestone,  containing  clay  and  magne- 
sium compounds;  these  materials,  which  are  in  part  powdered 
and  in  part  in  larger  pieces,  are  to  be  examined  for  the  amount  and 
kind  of  bituminous  material  contained. 

*  Chem.  Ztg.,  35,  793  (1011). 
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(a)  Determination  oi  the  Amount  of  Bitumen.  2  grams  of  the  asphalt 
powder  *  are  treated  with  15  c.c.  of  ether-hydrochloric  acid  (prepared  by  satu- 
rating cone,  hydrochloric  acid  with  ether,  cooling  with  water)  in  3-4  portions 
with  constant  stirring,  until  the  carbonate  present  has  been  completely  de- 
composed; the  ether  lost  by  evaporation  is  replaced  by  adding  5  c.c.  After  10 
minutes1  digestion,  15  c.c.  of  water  are  added  and  the  ether  is  evaporated  by 
warming  and  by  the  addition  of  hot  water;  the  dissolved  inorganic  materials 
are  then  poured  through  a  filter,  the  flask  and  paper  are  washed  free  from 
mineral  acid  and  both  dried  at  110°  for  f  hour.  The  bitumen  in  the  flask 
is  then  dissolved  in  chloroform,  the  solution  poured  through  the  filter,  the 
filtrate  caught  in  a  weighed  glass  dish,  the  solvent  evaporated  on  a  water 
bath,  and  the  residue  dried  at  105°  to  constant  weight.  The  agreement,  on 
repetition,  of  results  is  very  good;  the  bitumens  thus  obtained  do  not  contain 
more  than  a  trace  of  ash. 

(b)  Nature  of  the  Bitumen.  To  test  for  natural  asphalt,  the 
content  of  sulphur  is  established.  By  treatment  with  benzol,  it  is 
determined  if  the  material  is  completely  soluble  in  this  solvent,  or  if 
appreciable  amounts  of  carbonaceous  bodies  are  present  (coal-tar 
pitch).  To  detect  the  presence  of  lignite-tar  pitch  the  diazo- 
benzol  chloride  test  (page  222)  is  applied.  The  presence  of  fat- 
pitch  is  determined  by  means  of  the  saponification  value.  Natural 
asphalt  and  petroleum-pitch  are  detected  through  the  separation 
of  the  oily  portions  by  the  method  of  Marcusson  and  Eickmann. 

(c)  Calcium  Carbonate,  etc.  To  determine  the  inorganic 
components,  the  acid  solution  obtained  by  the  method  of  Prettner, 
or  the  residue  from  extraction  of  the  bituminous  materials  with 
chloroform,  can  be  used.  The  quantitative  determination  of 
gypsum,  calcium  carbonate  and  magnesium  carbonate,  alumina 
and  iron  oxide,  gangue,  etc.,  is  carried  out  as  usual. 

P.  By-products  of  the  Petroleum  Industry 

I.  By-products  of  Distillation 

(a)  Picene  Fraction.  After  the  main  products  (naphtha, 
kerosene,  gas-oil,  lubricating  oil,  etc.)  have  been  distilled  from  the 
petroleum,  some  very  viscous,  brown  red,  easily  solidifying  masses 
pass;  these,  however,  have  at  the  present  time  no  industrial  use 
and  are,  therefore,  burned  under  the  stills.  This  fraction  contains 
picene  and  similar  unsaturated  bodies. 

These  masses  are  said  f  to  contain,  besides  paraffin  which  can  be 
leached  out  by  means  of  naphtha,  a  complicated  mixture  of  hydro- 

*  Prettner,  Chem.  Ztg.,  S3,  917,  926  (1909). 

t  Zaloziecki  and  Gans,  Chem.  Ztg.,  24,  536,  553  (1900). 
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carbons  of  the  general  formula  C„H2n-2;  their  composition  is 
similar  to  that  of  anthracene,  phenanthrene,  retene,  etc.,  but  they 
act  entirely  different  on  oxidation  with  chromic  acid  in  acetic  acid 
solution.  They  yield  neither  quinones  nor  carboxylic  acids  but 
are  completely  changed  to  carbon  dioxide  and  water.  They  are, 
therefore,  assumed  to  be  non-aromatic  in  character.  It  has  not 
yet  been  determined  whether  these  bodies  may  be  considered  as 
polycyclic  derivatives. 

(b)  Coke.  If  the  petroleum  distillation  is  carried  on  until 
with  even  the  highest  heat  no  more  distillate  passes  (often  the  dis- 
tillation is  continued  only  till  pitch  remains)  there  remains  a  residue 
of  coke  which  because  of  its  low  ash  content  is  used  as  electric 
light  carbon.  To  determine  its  conductivity,  it  is  connected  in 
series  with  an  incandescent  lamp  (or  in  the  circuit  of  an  electric 
bell  connected  with  an  accumulator  or  several  cells).  The  light- 
ing of  the  lamp  (or  ringing  of  the  bell)  shows  the  conductivity.* 

(c)  Gases.  In  the  distillation  of  petroleum  on  an  industrial 
scale  gases  form  which  are  generally  used  as  fuel  under  the  stills. 
They  are  examined  by  the  regular  methods  for  gas  analysis. 

II.  By-products  op  Refining 

(a)  Acid  Resins.  In  the  refining  of  high-boiling  oils  with  cone, 
and  with  fuming  sulphuric  acid,  especially  in  removing  the 
asphaltic  resins  from  dark  residues,  there  are  obtained  black,  resi- 
nous bodies.  Of  these  so-called  acid  resins  some  (for  example, 
those  obtained  in  the  preparation  of  white  vaseline  oils)  dissolve 
in  water  as  sulpho-acids  with  a  dark  color  and  can  be  used  in  the 
preparation  of  water-soluble  oils.  Others  (such  as  are  obtained 
in  the  refining  of  wagon  oils  (residues)  in  amounts  up  to  30  per  cent) 
are  pitch-like  in  character  and  little  soluble  in  water;  after  boiling 
out  the  free  acid  with  water,  or  by  neutralizing  it  with  lime,  they 
are  dissolved  in  less  viscous  oils,  burned  under  the  stills,  redistilled 
over  a  free  flame  or  used  as  substitutes  for  pitch  and  asphalt. 

Such  by-products  are  admitted  free  of  duty  in  Germany  if  they 
have  a  specific  gravity  greater  than  1 ;  they  are  tested  for  specific 
gravity,  water-soluble  components,  ash,  content  of  neutral  pitch- 
like bodies,  etc. 

The  separation  of  the  free  sulpho-acids  depends  on  the  solubility 
of  their  barium  salts.    The  aqueous  extract  to  be  tested  is  diluted 

*  Graefe,  Laboratoriumsbuch,  62. 
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to  200  or  500  c.c.  and  divided  into  two  aliquot  parts.  In  one  the 
total  acid  is  determined  by  titration  with  N/10  or  N/2  alkali  in 
the  presence  of  Phenolphthalein;  in  the  other  part  the  sulphuric 
acid  is  determined  as  barium  sulphate.  The  content  of  sulpho- 
acids  is  expressed  in  equivalents  of  KOH  or  SO*. 

The  pitch-like  residues  obtained  in  the  distillation  of  petroleum 
are  distinguished  from  the  acid  resins  (if  the  excess  sulphuric  acid 
in  these  has  been  neutralized  with  lime)  by  their  content  of  calcium 
salts  of  sulpho-acids  and  of  alkyl-sulphuric  acids. 

F.  Schwarz  *  decomposes  these  salts  into  calcium  chloride  and 
the  free  acids  by  heating  them  with  alcoholic  hydrochloric  acid 
(sp.  gr.  1.19). 

The  acids  remain  in  the  alcoholic  solution  and  are  separated  from 
the  oily  and  resinous  bodies  by  filtering  after  cooling;  the  filtrate 
is  neutralized  and  then  separated  by  the  method  of  Spitz  and  Honig 
from  the  unsaponifiable  bodies  extracted  by  the  alcohol. 

On  the  market  the  neutralized  acid  resins  are  unfortunately 
called  "goudron"  or  "  mineral  oil  residue."  Such  misleading 
designations  should  not  be  used. 

Example.  Examination  of  an  Acid  Resin.  It  was  to  be  determined  if  a 
very  viscous,  salve-like,  pitch-Like  product  was  to  be  considered  as  a  distilla- 
tion residue  or  as  a  neutralized  acid  resin. 

1.  Ash.  4.9-24  per  cent  (mainly  calcium  sulphate,  together  with  some 
iron  oxide,  aluminum  compounds  and  silica). 

2.  Direct  Separation  of  the  Sulpho-acids  or  the  Alkyl-sulphuric  Adds.  4.1 
grams  of  the  pitch  were  repeatedly  extracted  with  the  (absolute)  alcoholic  hydro- 
chloric acid  (sp.  gr.  1.19);  on  cooling,  there  separated  some  oily  or  resinous 
bodies,  which  were  filtered  off,  water  was  added  to  the  filtrate  which,  after 
neutralization  of  the  free  acid  with  potassium  hydroxide  solution,  was  extracted 
with  naphtha,  according  to  the  method  of  Spitz  and  Honig,  to  separate  the  un- 
saponifiable material.  After  evaporation  of  the  aqueous-alcoholic  solution  con- 
taining the  sulpho-acids,  the  residue  was  treated  with  hydrochloric  acid  and 
ether,  to  liberate  the  sulpho-acids;  the  ether  solution  containing  sulpho-acids, 
alkyl-sulphuric  acids,  etc.,  was  washed  with  sodium  chloride  solution  until 
free  from  mineral  acid  (easily  soluble  sulphurized  acids  being  prevented  from 
dissolving).  After  evaporation  of  the  solvent,  solution  of  the  residue  in  a 
little  absolute  alcohol  and  filtration  of  this  solution,  there  was  obtained  on 
evaporation  of  the  solvent  0.3064  gram  of  goudron  or  pitch  (7.5  per  cent). 
The  pitch  was  brownish  black,  brittle,  resinous,  softening  on  a  water  bath;  it 
was  soluble  to  a  clear  solution  in  water,  difficultly  soluble  in  naphtha,  benzol 
and  in  ether  and  on  boiling  with  hydrochloric  acid  split  off  sulphuric  acid. 

*  Chem.  Rev.,  19,  211  (1912). 
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(6)  Neutral  Pitch-like  Bodies.  Bodies  that  can  be  directly 
used  as  pitch  or  asphalt  for  varnishes,  etc.,  are  obtained  *  by  re- 
fining dark  residues  with  fusel  oil  (amyl  alcohol,  see  also  page  36). 
In  the  testing  of  these  bodies,  the  determination  of  the  melting 
point  (according  to  page  208)  is  of  chief  importance.  Other  tests, 
ash,  foreign  substances,  etc.,  are  made  according  to  methods  out- 
lined on  page  215  and  following. 

(c)  Acid  Sludge.  Besides  the  acid  resins  considered  under 
(a),  impure  acids  (sulphuric  acid,  sulpho-acids)  are  also  formed 
during  the  refining  of  petroleum.  These  acids  often  still  contain 
considerable  amounts  of  acid  resins,  so  that  frequently  in  deter- 
mining the  freight  rate  for  such  a  material  it  is  a  question  whether 
it  should  be  called  an  acid  resin  or  a  by-product  acid.  In  such 
a  case  it  is  necessary  to  determine  the  free  acid,  the  amount  of 
sulpho-acids,  the  amount  of  water  and  of  neutral  resin  soluble  in 
benzol. 

These  by-product  acids  (in  so  far  as  they  are  not  buried  to  get 
rid  of  them)  are  concentrated  and  mechanically  purified  for  the 
sulphuric  acid  in  them,  or  treated  with  scrap  iron  or  copper  for  the 
preparation  of  sulphates  of  these  elements.  The  regenerated  acid 
is  used  again  in  the  refining  process.  In  both  cases  the  estimation 
of  the  amount  of  free  sulphuric  acid  is  of  importance. 

In  the  chemical  treatment  of  lignite-tar  products  with  sulphuric 
acid  a  reaction  product  is  obtained  which  is  called  an  "  acid  resin  " ; 
it  is  however  only  sulphuric  acid  mixed  with  lignite-tar  products, 
from  which  by  further  treatment  a  diluted  waste  acid  and  asphalt 
(lignite-tar  pitch)  can  be  obtained.  Resin  or  acid  resins  are  never 
obtained  in  the  treatment  of  lignite-tar. 

Example.  1.  External  Appearance.  Viscous,  black,  full  of  black  solid 
particles,  odor  of  sulphur  dioxide. 

2.  Pitch-like  Bodies  Insoluble  in  Water.  5  grams  of  the  spent  acid  were 
treated  with  50  c.c.  of  water,  the  separated  pitch  particles  were  washed  free 
from  mineral  acid  with  hot  water,  treated  with  hot  benzol  and  freed  from  the 
benzol  by  evaporation.  After  drying  at  105°,  19.3  per  cent  of  a  brownish 
black  asphaltic  residue  was  obtained;  there  was  only  0.1  per  cent  benzol-in- 
soluble material  having  the  same  appearance  as  the  benzol-soluble  part  and 
containing  a  trace  of  ash. 

3.  Free  Sulphuric  Add.  The  aqueous  liquid,  freed  from  the  pitch-like 
bodies,  together  with  the  wash  waters  was  diluted  to  1000  c.c;  50  c.c.  of  this 
was  treated  hot  with  barium  chloride  in  the  presence  of  dilute  hydrochloric 

*  Daeschner,  D.  R.  P.  124,980,  Kl.  23  b. 
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acid.  (Barium  salts  of  sulpho-acids  do  not  precipitate  in  the  presence  of 
hydrochloric  acid.)  The  amount  of  sulphuric  acid  in  the  original  solution  was 
found  to  be  58  per  cent. 

4.  Sulpho-acids.  20  c.c.  of  the  solution  obtained  in  (3)  were  titrated  in  the 
presence  of  Phenolphthalein  with  N/10  sodium  hydroxide.  The  total  amount 
of  acid,  calculated  as  sulphuric  acid,  including  free  sulphuric  acid  and  sulpho- 
acids,  was  60.2  per  cent.  Since  according  to  (3)  only  58  per  cent  of  sulphuric 
acid  was  present,  2.2  per  cent  must  be  due  to  the  sulpho-acids,  the  molecular 
weight  and  actual  amount  of  which  were  not  determined,  since  this  was  un- 
necessary in  this  case. 

5.  Water.  Water  was  present  in  considerable  amount,  as  shown  by  a  dis- 
tillation of  the  original  sample  at  120°.  14  per  cent  of  an  aqueous  distillate 
(water  plus  sulphurous  acid)  distilled;  however  more  than  this  must  have  been 
present  since  a  considerable  portion  was  retained  by  the  sulphuric  acid. 

6.  Other  Components.  After  evaporation  of  100  c.c.  of  the  aqueous 
solution  obtained  in  (3)  and  driving  off  the  sulphuric  acid,  there  remained  be- 
sides traces  of  organic  substances  about  1  per  cent  of  iron  oxide  (referred  to 
the  original  sample). 

7.  Resume".  The  sample  was  not  an  acid  resin  but  was  a  spent  acid  from 
the  mineral  oil  refining  process,  containing  about  58  per  cent  of  sulphuric  acid, 
about  19  per  cent  of  acid  resins  insoluble  in  water  as  well  as  some  water  and 
water  soluble  materials. 

(d)  Spent-lyes.  The  waste  lyes  obtained  by  the  neutralization 
of  acidified  oils  are  either  thrown  away  or  if  it  appears  profitable, 
they  are  regenerated  by  calcination.  Since  these  lyes  contain, 
besides  free  alkali  and  salts  of  petroleum  acids,  at  times  con- 
siderable amounts  of  unchanged  oils  dissolved  or  emulsified,  in 
some  factories,  by  the  addition  of  mineral  acid,  dark  colored  "soap 
oils  "  are  separated.  These  are  added  to  other  oils,  for  example, 
lubricating  oils  for  wagons,  etc. 

To  determine  the  advisability  of  recovering  the  by-products,  the 
spent  lye  is  examined  for  alkalinity,  content  of  neutral  soaps  and 
yield  of  "soap  oils."  The  simple  chemical  operations  involved 
need  not  be  described. 

The  properties  of  the  acids  separated  from  some  spent  lyes* 
are  given  in  Table  52. 

In  washing  the  ether  solution  of  the  acids  with  water,  the  acids 
in  part  pass  into  the  aqueous  layer,  giving  it  a  brown  color.  This 
difficulty  is  overcome  by  washing  with  concentrated  solutions  of 
sodium  sulphate.  Lidoff  f  determined  the  iodine  number  of  the 
naphthenic  acids  from  the  lyes  obtained  in  the  preparation  of 

*  Mitteilungen,  27,  17  (1909). 
t  Chem.  Rev.,  9,  134  (1902). 
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kerosene  and  found  values  from  1.4  to  3.9,  the  acid  values  being 
213.9  to  238.9.  Oils  containing  naphthenic  acids  gelatinize  in  the 
Lux  test  for  saponifiable  fat,  without  showing  any  foaming;  this 
may  easily  lead  to  the  incorrect  assumption  of  the  presence  of 
saponifiable  fat. 

TABLE  52 

Properties  of  Naphthenic  Acids  from  Lyes  Obtained  in  the 

Refining  of  Lubricating  Oils 


Acids  from 

External  appearance 

Saponi- 
fication 
value 

Iodine  value 

SolubiUty 

in  benzine, 

boiling 

under 

50° 

Reaction 

for 
sulphur 

Waller 

Wijs 

Saponaphtha 

Viscous,  dark  brown, 
odor  of  naphthenic  acids 

145.8 

28.4 

42.3 

Soluble 
clear 

Faint 

Russian  lub- 
ricating oil 

Thick  oil,  stringy,  brown 
black,  odor  of  naph- 
thenic acids 

118.3 

5.5 

21.8 

Same 

Strong 

Gaiician  lub- 
ricating oil 

Soft  resinous,  stringy, 
brown  black,  odor  of 
naphthenic  acids 

87.6 

30.7 

51.5 

Same 

Same 

Rumanian  lub- 
ricating oil 

The  same 

167.4 

4.0 

Some 

Same 

(e)  Soap  Oils.    In  these  the  content  of  free  organic  acid 
(page  143)  and  of  alkali  is  to  be  determined. 


CHAPTER  II 

NATURAL  ASPHALT 

.  I.  General 

According  to  Engler  the  asphalts  are  derived  from  petroleum 
hydrocarbons  through  polymerization,  free  oxygen  acting  as  a 
catalyzer  of  the  change.  It  has  been  shown  experimentally  that 
the  formation  of  asphalt  takes  place  much  more  rapidly  in  the 
presence  of  air,  yet  the  amount  of  oxygen  absorbed  is  too  small  to 
explain  the  formation  of  the  asphalt  through  oxidation. 

The  oldest  known  source  of  asphalt  is  the  Dead  Sea,  on  the  shores 
and  surface  of  which  asphalt  is  obtained  in  large  quantities,  es- 
pecially after  earthquakes.  Recently  the  asphalt  deposits  of  the 
island  of  Trinidad  have  attained  a  far  greater  prominence  because 
of  the  more  favorable  conditions  for  working  the  deposit  and  ship- 
ping the  product.  The  Syrian  asphalt  contains  very  little  ash, 
gilsonite  contains  only  0.5  per  cent,  while  Trinidad  asphalt  may 
contain  33-54  per  cent  of  mineral  components. 

The  Trinidad  and  Bermudez  asphalts  are  much  used  for  street 
paving.  According  to  Richardson  *  the  crude  Trinidad  asphalt 
contains  28-30  per  cent  of  water,  in  the  dry  condition,  56  per  cent 
of  bitumen  and  38  per  cent  of  mineral  components;  the  rest  is 
hydrate  water  of  the  clay  and  some  insoluble  organic  matter.  The 
pure  bitumen  softens  at  76°  and  melts  at  83°,  has  a  specific  gravity 
of  1.032  at  25°,  contains  82.33  per  cent  carbon,  10.69  of  hydrogen, 
6.16  of  sulphur  and  0.81  per  cent  of  nitrogen.  The  asphalt  con- 
tains 63  per  cent  of  naphtha-soluble  malthenes  of  great  viscosity 
and  gummy  consistence;  the  rest  consists  of  the  very  hard  and 
brittle  asphaltenes.  The  similarly  constituted  Bermudez  asphalt 
contains  11-46  per  cent  of  water,  in  the  dry  condition,  95  per  cent 
of  bitumen  containing  82.88  per  cent  carbon,  10.79  hydrogen,  5.87 
sulphur  and  0.75  per  cent  of  nitrogen.  Over  70  per  cent  is  easily 
soluble  in  naphtha  (malthenes);  carbenes  insoluble  in  carbon 
tetrachloride  are  not  present. 

*  Petrol,  7,  1347  (1912). 
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Deposits  of  asphalt  have  been  discovered  also  in  Mexico,  Cali- 
fornia, Utah  and  Colorado. 

The  external  appearance  of  the  asphalts  varies  considerably; 
some  are  hard,  brittle  and  black;  others,  soft  and  viscous  in  nature 
(mineral  tar  or  "goudron  mineral")-  In  several  instances  this 
mineral  tar  has  penetrated  and  saturated  porous  rocks,  particu- 
larly limestone.  Such  bituminous  limestone  is  found  in  France  ( Val 
Travers,  Seyssel  in  the  Rhone  valley),  in  Italy  (San  Valentino),  in 
Sicily,  in  Dalmatia  (Ragusa),  in  Alsace,  in  Hannover  (Limmer). 
The  asphalt  rock  mined  by  the  asphalt  company,  San  Valentino, 
Reh  &  Co.,  has  the  following  composition:* 


Asphalt  Rook 


Bitumen 

Insoluble  silica 

Soluble  silica 

Calcium  carbonate 

Magnesium  carbonate 

Iron  oxide  and  aluminum  oxide 

Moisture  and  matter  volatile  at  100°. 


Per  cent 


10.7-15.7 
0.1-0.5 
Traces 
50-86 
1-32 
0.2-1.2 
0.1-1.0 


II.  Extraction  and  Treatment 

The  asphalt  is  removed  from  the  Trinidad  Lake  and  Bermudez 
deposits  by  means  of  pickaxes;  other  deposits  of  asphalt  and  the 
bituminous  limestones  are  mined.  Near  the  asphalt  lakes,  liquid 
asphalt  oozes  out  of  springs  and  craters  and  hardens  in  the  air. 

Since  the  naturally  occurring  asphalt  contains  earthy  impurities 
which  increase  the  cost  of  transport,  in  many  cases  it  is  purified  at 
the  source  of  supply  by  melting  or  by  distillation  to  increase  the 
content  of  bitumen.  The  "Trinidad  epurö  "  has  been  somewhat 
purified  by  melting.  By  this  process  a  part  of  the  asphalt  is  de- 
stroyed by  overheating  because  of  which  the  poorer  qualities  con- 
tain a  considerable  amount  (up  to  11  per  cent)  of  free  carbon.f 

In  the  case  of  asphalt  from  Tataros  (Hungary),  the  melting  out 
of  the  asphalt  must,  according  to  H.  J.  Jachzel,  be  performed  in  the 
presence  of  faintly  alkaline  water  in  order  to  dissolve  the  rosin 
acids  and  thus  allow  the  separation  of  asphalt  and  sand.    The 

*  The  figures  are  taken  from  pamphlets  supplied  in  connection  with  their 
exhibit  at  the  Deutschen  Städte-Ausstellung,  1913. 
t  Lindenberg,  Asphalt-Industrie,  11. 
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rosin  acids  can  be  precipitated  from  the  yellow  to  brown-colored 
water,  they  being  slightly  soluble  in  pure  water,  by  the  addition  of 
acetic  acid  and  lead  acetate;  these  acids  are  partially  soluble  in 
boiling  alcohol,  are  neutralized  with  difficulty  with  alcoholic  po- 
tassium hydroxide  and  melt  according  to  LeSueur  and  Crossley* 
at  47.5°. 

After  being  stored  in  the  air,  the  asphalt  from  Derna  (Hungary) 
also  requires  alkaline  water  to  separate  it  from  the  sand.  The 
absorption  of  oxygen  is  accompanied  by  an  increase  in  weight  and 
in  the  amount  of  resinous  material.  The  properties  of  the  dis- 
tillates from  Derna  asphalt  are  given,  in  Table  53.  From  the 
amount  of  oxygen,  nitrogen  and  sulphur,  the  high  specific  gravity 


TABLE 
Properties  and  Composition  of  Distillates  of 


Appearance 
(in  test  tube) 

Engler  vis- 
cosity at 

Specific 
gravity, 
X  10,000 

Flash 
point 
(Pen- 
sky), 
°C. 

Solidification 

point  in 
6  mm.  U-tube 

In 

naph- 
tha 
(sp.gr 
0.70) 
(1:40) 

As- 
phaltio 
resins 

20° 

50° 

(a) 

Crude  oil  ob- 
tained directly 
from  the 
asphalt  by 
distillation 

Fairly  viscous, 
bluish  black, 
opaque,  taint 
bluish  fluor- 
escence, bi- 
tuminous odor 

17.9 
(20.0) 

3.4 

9310 
(9367) 

95 

-5*.  still  liquid, 

rise  18  mm.; 

-8.7°,  barely 

liquid,  rise 

2  mm.;  —10°, 

not  liquid 

Solu- 
ble 
clear 

Ab- 
sent 

(b) 
Obtained  from 
(a)  by  separat* 
ing  the  more 
volatile  parts 
by  steam  dis- 
tillation 

Like  (a) ;  odor 
of  decomposi- 
tion 

27.9 
(29.9) 

4.1 

9368 
(9417) 

151 

°0,  liquid, 
rise  9  mm.; 
-2.8°,  not 
liquid 

Same 

Same 

(c) 

Obtained  by 

refining  the 

distillate  (b) 

with  sulphuric 

acid 

More  viscous 
than(a)and  (b), 
yellow,  trans- 
parent, blue 
sheen,  taint 
odor  of  min- 
eral oil 

30.6 
(31.5) 

4.5 

9263 
(9305) 

160 

+2°,  still 

liquid,  rise 

17  mm.;  0% 

not  liquid 

Same 

Same 

(The  values  of  Engler  viscosity  and  of  specific  gravity  given  in 

*  Hans  Meyer,  Analyse  und  Konstitutionsvermittelung  organischer  Ver- 
bindungen, 1903,  55. 
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and  the  considerable  solubility  in  alcohol,  it  follows  that  oil  (a) 
and  (b)  consisted  of  almost  pure  hydrocarbons  with  a  fairly  small 
paraffin  content. 

Recently  there  have  come  on  the  market  residues  obtained  in  the 
distillation  of  natural  bitumens  from  America  and  from  Italy; 
these  have  been  called  "  natural  asphalts  "  (San  Valentino-bitumen, 
Mexican  asphalt,  Venezuelan  (Orinoco)  asphalt  and  certain  vari- 
eties of  Cuban  asphalt).  The  intermediate  position  which  the 
thickened  natural  asphalts  occupy  between  natural  asphalt  and 
petroleum  residues  is  shown  in  Table  54  which  gives  the  results 
of  recent  experiments  of  Marcusson. 


53 

Crude  Asphalt  from  Derna  (South  Hungary) 


Solid 
paraf- 
fin, 

% 

Boiling 
limits 

Water 

and 

me- 
chani- 
cal im- 
purities 

Elementary  analysis 

Solubility  in 
absolute  alcohol 

C 

% 

H 

% 

o 

% 

N 
% 

S 

% 

% 

Dis- 
solved 
oil 

Color 

of  the 

alooholic 

solution 

of  oil 

Iodine 

value 

(Waller 

HUbl) 

0.59 

Boiling  begins 
215° 

% 
Up  to  800*      15 
Up  to  800°     35 
To  tar            35 
Tar                10 
Loss                5 

Absent 

86.96 

12.33 

0.48 

Trace 

0.23 

30 

Dark 
brown 

23.8 

0.97 

Boiling  begins 
310* 

% 
Up  to  360°     82 

Up  to  tar       12 

Tar                 4 

Loss                2 

Same 

87.46 

12.25 

0.00 

Trace 

0.29 

25 

Light 
brown 

19.7 

« 

1.42 

Boiling  begins 
315° 

% 
Upto860°     67 
Up  to  tar       28 
Tar                 4 
Low                 1 

Same 

87.26 

12.24 

0.30 

0 

0.20 

20 

Faint 
yellow 

6.8 

brackets  were  obtained  afte»  standing  several  years  in  bottles.) 
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TABLE  64 


Aflh, 
per  oent 

Sul- 
phur, 
per  oent 

Oily  parte 

obtained 

aooording 

toMarcus- 

son-Eick- 

mann, 

per  oent 

Paraffin 

content  of 

the  oily 

parts, 

per  oent 

Acid  values  of  the 
crack-distillates 

Material 

I 
Distillate 

II 

Distillate 

Mexican  asphalt 

None 

5.8 

35 

2.8 

1.6 

0.9 

Goudron  from  Derna 
(sand  melted  out).. 

5.4 

0.7 

52 

3.4 

2.6 

Asphalt  from  Derna 
(sand  melted  out. 

6.0 

0.9 

25 

1.6 

0.7 

0.7 

Natural  asphalt  is  used  in  the  preparation  of  varnish,  in  the 
rubber  industry,  in  the  preparation  of  insulating  material  and  in 
the  building  industry.  The  following  brief  account  gives  an  idea 
of  how  Trinidad  and  Sicilian  asphalt  is  worked  up  into  compressed 
asphalt  for  street  pavements,  asphalt  mastic,  tiles  from  rock  asphalt 
mastic,  waterproofing  material,  etc.,  at  the  works  of  the  A.-G. 
Johannes  Jeserich,  Charlottenburg. 

The  raw  material  for  the  asphalt  mastic  is  the  crude  Trinidad 
asphalt  which  is  brought  to  the  factory  in  irregular  pieces.  The 
asphalt  is  first  purified  by  heating  in  a  large  tank  with  a  large  open- 
ing at  the  top;  the  mass  is  stirred  mechanically  and  heated  until 
the  water  contained,  as  well  as  other  volatile  matter,  has  escaped, 
the  stirring  facilitating  the  removal  of  the  water  and  preventing  the 
settling  to  the  bottom  of  the  fine  clayey  particles.  The  material 
thus  obtained  is  allowed  to  run  out  from  an  opening  at  the 
bottom,  through  a  trough  over  a  coarse  sieve  (with  1  cm.  mesh), 
to  separate  larger  impurities,  like  pieces  of  wood,  etc. 

The  asphalt  thus  obtained  is  mixed  in  similar  vessels  (provided 
with  mechanical  stirring  devices)  with  powdered  Sicilian  asphalt 
and  other  materials  (fluxes)  for  the  preparation  of  asphalt  mastic, 
waterproofing  material,  etc.  Trinidad  asphalt  mixed  with  fluxes 
like  mineral  oil  gives  the  so-called  Trinidad  goudron;  this  is  added 
to  the  Sicilian  asphalt  rock  powder  with  some  sand  to  give  it  the 
properties  of  asphalt  mastic.  In  the  less  valuable  kinds  of  asphalt 
mastic,  broken  pieces  of  old  pavements  are  added.    The  mastic 
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used  for  filling  the  cracks  of  stone  pavements,  etc.,  may  be  made 
from  less  valuable  materials,  for  example,  coal-tar  pitch,  mixed 
with  natural  asphalt. 

The  compressed  asphalt  for  laying  compressed  asphalt  pave- 
ments is  made  from  pure  Sicilian  asphalt  rock,  which  has  a  brown 
color,  with  a  dark-brown  fracture,  with  a  dirty  white  appearance 
when  cut,  and  which  contains  10-12  per  cent  of  bitumen.  The 
rock  is  broken  up  in  special  machines,  powdered  in  disintegrators, 
transferred  from  these  to  the  drying  bins  and  is  then  ready  for  use. 

The  natural  asphalt  rock  lias  the  very  important  property  of 
falling  to  a  powder  on  heating;  this  powder  can  be  again  converted 
into  a  mass  of  the  same  hardness  as  the  original  rock  by  heating 
and  pressing.  Granular  limestone  artificially  impregnated  with 
bitumen  is  said,  according  to  the  results  in  practice,  not  to  possess 
this  property  and  after  heating  does  not  again  become  sufficiently 
hard  under  pressure.* 

The  tiles  of  asphalt  mastic  are  only  a  convenient  form  in  which 
the  mastic  may  be  transported. 

In  the  United  States  the  pavements  are  not  made  with  com- 
pressed asphalt;  a  natural  asphalt  rock  is  lacking,  so  that  a  mix- 
ture of  sand  and  rock  powder  (diabase,  etc.),  with  Trinidad  or 
Bermudez  asphalt  and  fluxes,  is  used. 

III.  Differentiation  of  Natural  Asphalt  and 

Petroleum  Pitch 

Since  the  sulphur  content  of  natural  asphalt  varies  considerably, 
it  is  possible  to  prepare  mixtures  with  petroleum  pitch,  the  sulphur 
content  of  which  lies  within  the  normal  limits  for  natural  asphalt. 
According  to  Malencovic  f  the  natural  asphalts  will,  the  sulphur- 
ized petroleum  pitches  will  not,  give  a  precipitate  with  mercuric 
bromide  in  ether  solution;  the  test  has,  however,  not  been  found 
useful  for  the  detection  of  natural  asphalt  in  the  presence  of  petro- 
leum pitch,  but  has  found  application  in  the  detection  of  natural 
asphalt  or  petroleum  pitch  in  fat-pitch  (see  page  218). 

Natural  asphalt  and  petroleum  pitch  differ  very  slightly  in  ele- 
mentary composition;  the  differences,  however,  become  much  more 
pronounced  if  (according  to  Holde  and  Eickmann),  instead  of  ex- 

*  Die  Asphaltbaumaterialien  usw.,  Normalverordnungsblatt  für  das  K. 
und  K.  Heer,  Wien,  1910. 
t  Baumaterialen,  1906,  29. 
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amining  the  pitches,  the  extracts  obtained  with  various  solvents 
are  analyzed.  Different  pitches  are  melted  up  with  sand  and  bone 
black  to  a  pulverable  mass  and  then  successively  extracted  in  a 
Graefe  extraction  apparatus  (Fig.  16,  page  35)  with  petroleum 
ether,  petroleum  naphtha  (sp.  gr.  0.70),  benzol  and  chloroform. 
(See  Table  55.)  The  viscosity  of  the  extracts  passes  from  a  thick 
oily  condition  to  a  hard  resinous  material  like  colophony,  the  color 
becoming  darker  and  the  odor  disappearing.  In  the  extracts  ob- 
tained from  petroleum  pitch,  the  oxygen  content  increases  at  the 
expense  of  the  hydrogen,  the  amount  of  carbon  remaining  con- 
stant. In  the  natural  asphalts,  however,  the  amount  of  sulphur 
and  oxygen  increases  decidedly  (with  the  exception  of  the  oxygen 
content  of  No.  3),  while  the  carbon  content  decreases  and  the  hy- 
drogen remains  constant. 

Sec  page  223  for  further  methods  used  in  distinguishing  between 
natural  asphalt  and  petroleum-pitch. 
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Components  of  Asphalts 


IV.   Quantitative  Determination  op  Natural  Asphalt" 
in  the  Presence  of  Coal-tar  Pitch 

Mixtures  of  natural  asphalt  and  coal-tar  pitch  are  much  used  for 
making  asphalt  cements,  for  waterproofing  of  masonry,  etc.  Since 
such  cements  should  contain  at  least  25  per  cent  of  natural 
asphalt,  an  approximately  quantitative  determination  is  of  value. 
According  to  Marcusson  *  this  can  be  made  by  changing  the  coal- 
tar  pitch  into  water-soluble  materials  by  beating  with  concentrated 
sulphuric  acid,  while  the  amount  of  water-insoluble  materials 
remaining  after  treatment  with  sulphuric  acid  gives  an  idea  as  to 
the  amount  of  natural  bitumens  present.  The  determination  is 
made  as  follows: 

10  grams  of  the  sample  are  treated  with  75  c.c.  of  ether-hydrochloric  acid 
(as  in  the  determination  of  bitumen  by  the  method  of  Prettner,  see  page  228) 

*  Zeit.  f.  angew.  Chem.,  36,  91  (1913). 
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in  3  or  4  portions,  stirring  constantly.*  After  stirring  ten  minutes,  an  equal 
volume  of  water  is  added  and  the  mixture  heated  on  a  steam  bath  till  the  odor 
of  ether  disappears.  The  insoluble  matter  is  separated  by  filtration,  washed 
free  from  acid,  and  after  drying  the  paper,  the  bitumen  determined  by  ex- 
traction with  boiling  chloroform  in  a  Graefe  extraction  apparatus  (Fig.  16, 
page  35).  By  evaporating  the  chloroform,  the  bitumen  to  be  sulphonated  is 
obtained,  its  quantity  being  determined  by  drying  at  105°.  3  grams  of  this 
bitumen  are  heated  in  a  thick  walled  test  tube  with  6  c.c.  of  cone,  sulphuric 
acid  (on  a  boiling  water  bath)  with  frequent  stirring  for  }  hour.  When  the 
sulphonation  is  finished,  the  reaction  product  is  cooled  and  poured  into  200  c.c. 
of  water  in  an  Erlenmeyer  flask.  In  the  course  of  an  hour,  there  will  collect  at 
the  bottom  of  the  flask  a  black,  powdery,  somewhat  crumbly  precipitate. 

The  filtration  of  the  precipitate  causes  trouble  at  times,  since  the  filter 
becomes  easily  clogged.  It  is  advisable  to  use  a  Büchner  funnel  of  7  cm. 
diameter  and  a  weighed  hardened  filter.  The  liquid  is  decanted  upon  the 
paper  without  stirring  up  the  precipitate,  covering  the  paper  with  only  a  thin 
layer  of  liquid  and  filtering  at  first  without  suction.  The  precipitate  in  the 
flask  is  at  first  washed  with  water  by  decantation  and  only  transferred  to  the 
funnel  at  the  end.f  Lumps  are  broken  up  with  a  glass  rod.  The  washing  is 
continued  till  the  filtrate  no  longer  reddens  methyl  orange.  The  precipitate 
and  paper  are  then  dried  at  105°.  The  weight  obtained  is  recalculated  to  the 
original  weight  of  material  and  an  empirically  determined  correction  of  4  per 
cent  is  added. 

As  Marcusson  has  shown  for  mixtures  of  coal-tar  pitch  with  15-60 
per  cent  of  crude  Trinidad  asphalt  or  with  Trinidad  fepure,  this 
method  gives  results  accurate  to  within  1.5  per  cent.  It  must, 
however,  be  remembered  that  in  this  way  only  the  amount  of 
natural  asphalt  bitumen  is  determined;  the  actual  amount  of 
natural  asphalt  present  depends  upon  the  amount  of  mineral 
matter  present  (page  234).  A  direct  determination  of  the  ash  may 
be  misleading  since  it  is  easy  to  add  mineral  matter. 

*  The  bitumen  cannot  be  quantitatively  extracted  with  benzol  and  chloro- 
form, since  the  carbonaceous  particles  in  the  coal-tar  pitch  adsorb  a  small  part 
of  the  bitumen,  which  is  given  up  to  the  solvent  only  with  difficulty. 

t  If  a  centrifuge  is  available,  this  will  make  the  separation  of  the  precipi- 
tate from  the  supernatant  liquid  an  easy  matter. 


CHAPTER  III 

OZOKERITE  AND  MONTAN  WAX 
A.  Ozokerite  (Earth  Wax) 

I.  Occurrence  and  Chemical  Character 

Crude  ozokerite  is  mined  principally  at  Boryslaw,  Starunia  and 
Dzwiniacz  in  Galicia.  In  the  crude  state  it  occurs  dark  brown  to 
green  black  in  color,  wax-like,  often  in  leafy  masses  ("  ader  wax  "), 
having  only  a  faint  odor  as  a  rule  (at  times  a  stronger  odor  like 
that  of  crude  oil).  The  melting  point  varies  from  below  60°  in 
the  poorer  grades  to  68-75°  in  the  normal  quality  but  may  go  as 
high  as  84°  (marble  wax).  It  consists  mainly  (difference  from 
paraffin)  of  amorphous  hydrocarbons  (CnHjn+j)  which  have 
higher  molecular  weights  than  the,  in  the  main,  crystalline  com- 
ponents of  paraffin.  In  the  lower  melting  ozokerites,  there  are 
also  found  traces  of  crystalline  paraffin  particles.  In  all  crude 
ozokerites  are  also  found  oxidized,  dark  colored  bodies. 

II.  Preparation  op  Ceresine 

The  crude  ozokerite  is  freed  from  £he  coloring  matter  by  heating 
with  20  per  cent  of  cone,  sulphuric  acid  at  120°,  gradually  increas- 
ing the  temperature  to  200°,  about  20  per  cent  of  the  wax  being 
lost  by  this  operation.  The  acid  material  is  purified  by  means  of 
the  carbonaceous  residues  from  the  manufacture  of  yellow  prus- 
siate  of  potash,  a  natural  yellow  wax  (ceresine)  being  obtained. 
By  repeated  purification  in  which  the  residues  are  separated  from 
the  purified  ozokerite  in  filter  presses  (warmed  up)  and  the  ceresine 
remaining  in  the  charcoal  extracted  with  naphtha,  there  is  finally 
obtained  a  white  product,  the  value  of  which  depends  on  its  color 
and  the  height  of  its  melting  point. 

III.  Testing  thij  Crude  Ozokerite  for  its  Yield  op 

Ceresine 

The  yield  on  refining  iß  determined,  according  to  Lach  and  v.  Boyen,*  by 
heating  5  grams  of  crude  wax  with  18  per  cent  (0.45  c,c.)  of  cone,  sulphuric 

*  Zeit.  f.  angew.  Chem.,  11,  383  (1898). 
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acid  to  180-200°  till  all  odor  of  sulphur  dioxide  disappears.  Into  the  hot  mass 
is  then  stirred  10  per  cent  of  animal  charcoal  (yellow  prussiate  residues,  dried 
at  140°)  and  about  6  grams  of  extracted  sawdust.  The  cooled  mass  is  extracted 
in  a  Graefe  extraction  apparatus  (Fig.  16)  with  naphtha.  The  amount  of 
extract  gives  the  yield.  With  high  melting  ozokerites,  high  boiling  naphtha 
must  be  used  to  shorten  the  time  of  extraction. 

IV.  Examination  of  Ozokerite  and  Ceresine  for 

Foreign  Bodies 

Ozokerite  and  ceresine  are  used  industrially  in  the  manufacture 
of  candles,  in  cable  insulation,  in  shoe,  stove  and  floor  polishes  and 
for  other  purposes;  they  are  expensive  and  are  often  adulterated 
with  paraffin.  This  adulterant  is  the  cheapest  and,  therefore,  the 
most  profitable  and  is  not  easily  detected  when  present  in  small 
amounts. 

For  some  time  ozokerite  has  been  refined  mixed  with  paraffin, 
such  mixtures  being  known  on  the  market  as  "  ceresine,"  while  the 
product  obtained  by  the  refining  of  pure  ozokerite  is  called  "pure, 
refined  ozokerite."  In  the  scientific  literature  (as  in  this  book) 
the  original  definition  of  ceresine  as  pure  refined  ozokerite  is 
retained. 

(a)  Paraffin.  The  following  differences  between  paraffin  and 
ozokerite  exist,  of  which  especially  the  refractometric  determina- 
tion described  under  4  allows  the  technical  detection  of  artificial 
additions  of  paraffin  to  ozokerite  or  ceresine. 

1.  Large  (but  not  small)  amounts  of  paraffin  can  be  detected 
by  its  ability  to  crystallize.  If  ozokerite  is  to  be  tested  this  is 
first  refined  with  cone,  sulphuric  acid  and  1  gram  of  the  purified 
material  dissolved  in  chloroform  (50  c.c),  warming  gently;  18  c.c. 
of  absolute  alcohol  are  then  added  to  the  solution  cooled  to  +20°, 
the  ceresine  separating  in  an  amorphous  condition  and  being  col- 
lected on  a  filter  plate  by  suction.  To  the  filtrate  is  then  added, 
40  c.c.  of  absolute  alcohol  at  20°,  and  after  standing,  the  precipitate 
collected  by  suction,  the  paraffin  precipitate  showing  a  crystalline 
structure.    Taken  alone  this  test  is  unsatisfactory. 

2.  The  specific  gravity  of  paraffin  (solidification  point  44-58°) 
is  0.867-0.915  at  15°,  of  ceresine  (solidification  point  56-84°)  be- 
tween 0.912  and  0.943.  These  differences  allow  the  detection  of 
larger  additions  of  paraffin. 

3.  Melting  and  dropping  points  or  solidification  points  can  be 
used  for  the  detection  of  paraffin  in  ceresine  only  in  connection 
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with  tests  1  and  2.  It  must  be  remembered  that  soft  paraffins  may 
have  melting  points  as  low  as  35°. 

4.  The  index  of  refraction  expressed  as  scale  divisions  of  the 
butyro-refractometer  gives  a  much  better  test  for  paraffin  in  cere- 
sine,  as  was  shown  by  Ulzer  and  Sommer.*  These  investigators 
determined  the  refractive  index  of  an  alcoholic  extract  because  the 
more  soluble  paraffin  collects  in  the  alcohol.  They  found  the 
values  for  ceresine  to  range  from  11.5  .to  13  at  90°  (the  value  for 
the  upper  limit  was  changed  to  17  by  the  later  work  of  Marcusson 
and  Schlüter).  The  values  established  by  Ulzer  and  Sommer  for 
paraffins  were  1.6  to  6.8  at  90°.  Holde  and  Vielitz  found  for  par- 
affins of  the  melting  points  51°,  54°  and  58°  (in  a  capillary), 
refractometer  readings  of  0  to  3.8. 

The  values  should  be  determined  with  material  free  from  oil 
since  any  oil  present  in  the  paraffin  or  ceresine  may  decidedly 
influence  the  refractive  index.  It  is  possible  that  the  relatively 
high  values  found  by  Ulzer  and  Sommer  were  due  to  oil  contained. 

In  order  to  become  independent  of  the  variations  of  the  refrac- 
tive index  of  pure  ceresine  in  testing  for  paraffin,  Marcusson  and 
Schlüter  f  fractionally  precipitated  ceresine,  pure  and  mixed  with 
paraffin,  with  a  liquid  first  used  by  Graefe  for  the  qualitative  de- 
tection of  ceresine  in  paraffin  (for  3  grams  of  ceresine,  30  c.c.  of 
carbon  disulphide  and  300  c.c.  of  alcohol-ether,  1 : 1,  alcohol  96  per 
cent).  They  found  that  3  grams  of  substance  in  about  £  liter  of 
the  Graefe  liquid  gave  at  25°  with  pure  ceresine  about  55-GO  per 
cent  precipitate,  while  with  pure  paraffins  of  melting  points  up  to 
57°  no  precipitate  was  obtained.  By  further  fractional  precipita- 
tion of  the  somewhat  evaporated  filtrates,  in  the  presence  of  con- 
siderable amounts  of  paraffin  (50  per  cent),  the  precipitates  first 
show  increased  refractometer  readings  and  then  rapidly  decreasing 
values  as  compared  with  pure  ceresine.  On  the  basis  of  these 
observations,  they  suggested  a  qualitative,  and  with  the  aid  of  the 
values  a  quantitative,  estimation  of  the  paraffin,  thus  much  facili- 
tating the  testing  of  ceresine.  Since,  however,  ozokerites  of  ab- 
normal precipitation  values  were  possible,  they  promised  a  further 
examination  of  the  method. 

In  connection  with  the  above  method  Holde  studied  anew  the 
detection  of  paraffin  in  ceresine  using  another  solvent  and  precipi- 

*  Chem.  Ztg.,  30,  142  (1906). 
t  Chem.  Ztg.,  31,  348  (1907). 
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tant  (chloroform  and  alcohol).  Only  1  gram  of  substance  was 
taken,  the  precipitation  temperature  was  20°  C.  and  a  method  of 
precipitation  was  used  by  which  the  precipitation  in  the  filtrates 
was  caused  not  by  partial  evaporation,  but  by  the  addition  of  new 
definite  amounts  of  alcohol  to  the  unchanged  filtrates  of  the  pre- 
vious precipitation  or  to  the  entirely  evaporated  material  which 
was  again  dissolved  in  definite  amounts  of  chloroform;  thus  10  per 
cent  of  paraffin  in  a  ceresine  could  be  detected  with  ease.  This 
method  was  worked  out  with  F.  Landsberger.  Not  only  were  the 
fractional  precipitates  tested,  but  also  the  oil-containing  last 
portion  which  was  not  precipitated  under  the  conditions.  This 
latter  was  of  salve-like  consistency  and  was  present  in  every  cere- 
sine;  in  the  case  of  mixtures,  the  paraffin  collected  in  this  oil  and 
in  characteristic  fashion  depressed  the  refractive  index  of  the 
residue. 

More  complicated  method  (a).  1  gram  of  substance  is  dissolved  in  50  c.c.  of 
chloroform  by  heating  gently  and  is  then  precipitated  at  20°  by  adding  18  c.c. 
of  absolute  alcohol.  The  precipitate  is  then  dried  by  suction  after  standing 
20  minutes  at  20°.  Every  succeeding  precipitation  is  brought  about  by  add- 
ing 40  c.c.  of  absolute  alcohol  to  the  filtrate.  If  no  farther  precipitation  re- 
sults, the  filtrate  is  evaporated,  the  residue  dissolved  in  5  c.c.  of  chloroform, 
precipitated  with  15  c.c.  of  absolute  alcohol,  the  precipitate  (the  last  one) 
separated  and  the  filtrate  evaporated  (non-precipitable  residue).  All  precipi- 
tates are  weighed  and  tested  in  the  refractometer  at  100°,  the  readings  being 
recalculated  to  scale  divisions  on  the  butyro-refractometer  at  90°  by  means 
of  Table  72  (page  322). 

Pure  ceresine  gave  in  the  last  precipitate  before  evaporation, 
the  values  of  5.2  to  15  scale  divisions,  in  the  non-precipitable  part, 
the  readings  14.5  to  23.4;  a  mixture  of  10  per  cent  paraffin  gave 
in  the  non-precipitable  part  the  values  7.9  to  12.3  and  in  the  fifth 
precipitation  generally  less  than  5.2  scale  divisions;  with  15  per 
cent  of  paraffin,  the  fifth  precipitate  had  a  scale  reading  always 
less  than  5.2,  with  20  per  cent,  it  was  less  than  3.6.  It  thus  seems 
possible  to  detect  paraffin  in  ceresine  by  this  method. 

The  different  amounts  obtained  in  this  way  at  20°  in  the  first 
precipitates  from  1  gram  of  ceresine  can  serve  as  a  means  of  com- 
parison and  of  classification  of  the  different  samples  in  a  manner 
similar  to  that  used  for  the  determination  of  hard  and  soft  paraffin 
in  candle  material.* 

*  Holde,  Mitteilungen,  1902,  241. 
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Paraffins  having  melting  points  of  from  50°  to  58°  (determined  in 
capillary  tube)  give  no  precipitates  with  the  chloroform-alcohol 
mixture  under  the  given  conditions;  Indian  paraffins  with  melting 
points  up  to  61°,  the  addition  of  which  to  ceresine  is  hardly  to  be 
expected,  do  precipitate. 

Simpler  Procedure  (6).  1  gram  of  ceresine  (or  the  same  amount  of  ozo- 
kerite purified  according  to  III,  page  243,  by  the  method  of  Lach  and  v. 
Boyen)  is  dissolved  in  30  c.c.  of  chloroform  by  heating  gently  in  a  200  c.c.  Erlen- 
meyer  flask,  avoiding  boiling.  After  cooling  to  20°,  60  c.c.  of  (96  per  cent) 
alcohol  are  added,  the  mixture  being  kept  at  this  temperature  for  20  minutes. 
The  precipitate  is  then  collected  by  suction  on  a  Büchner  funnel  (precipitate  I). 
The  filtrate  is  freed  from  solvent  by  distillation,  the  last  portions  being  evapo- 
rated from  the  open  flask.  The  ceresine  residue  is  dissolved  in  5  c.c.  of  chloro- 
form, brought  to  20°  and  precipitated  with  15  c.c.  of  (96  per  cent)  alcohol. 
After  20  minutes,  the  precipitate  is  collected  as  before  (precipitate  II).  The 
filtrate  is  freed  from  solvent  by  evaporation  in  a  small  tared  vessel  (non-pre- 
cipitable  residue).  Both  the  precipitates  (I  and  II)  are  weighed,  after  solution 
in  hot  benzol  and  cautious  evaporation  of  the  solvent,  and  then  tested  in  the 
Zeiss- Abbe  refractometer  (the  non-precipitable  part  likewise).  The  values 
are  recalculated  to  scale  divisions  on  the  butyro-refractometer  for  90°. 

Pure  ceresine  and  mixtures  with  paraffin  (M.  P.  53°)  gave  the 
following  refractometer  values  at  90°. 


Precipitate  I 

Precipitate  II 

Not 
precipitated 

Pure  ceresine 

11.3-18.5 
10.&-19.5 
11.0-12.9 

6.4-8.5 
3.5-9.0 
2.5-2.8 

15.8-24.5 

With  10  per  cent  of  paraffin 

With  20  per  cent  of  paraffin 

8.5-14.5 
7.2-9.3 

This  simpler  method  (b)  also  allows  the  detection  of  paraffin 
with  considerable  sharpness. 

(b)  The  Amount  of  Oil  in  Ceresine  is  determined  by  adding  to  a  chloro- 
form solution  of  the  sample  at  room  temperature  an  equal  volume  of  alcohol 
till  the  main  mass  of  ceresine  is  precipitated;  the  precipitate  is  then  separated 
and  sucked  dry,  and  in  the  filtrate  the  rest  of  the  solid  hydrocarbons  precipi- 
tated according  to  page  37;  the  filtrate  from  this  is  evaporated  and  weighed. 

(c)  Colophony  is  detected  after  exhaustive  extraction  with  70  per  cent 
alcohol. 

The  alcohol  is  distilled  from  the  combined  filtered  extracts,  the  residue 
dried  at  100-115°  (till  just  liquid)  and  then  weighed.  If  fatty  acids  are  also 
present,  the  alcoholic  extract  after  evaporation  of  the  solvent  is  further  treated 
according  to  page  147.  Colophony  can  be  detected  in  paraffin  by  this 
method. 
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(d)  Petroleum  Residues,  that  is,  solid  residues  of  mineral  oil  distillation, 
on  treatment  of  the  sample  with  petroleum  naphtha,  give  heavy  precipitates 
of  asphalt  which  are  easily  soluble  in  benzol,  and  which,  evaporated  from  such  a 
solution,  leave  a  black  glistening  asphaltic  varnish;  crude  ozokerite  is  almost 
completely  soluble  in  naphtha  and  gives  only  traces  of  residue  (mechanical 
impurities). 

(e)  Mineral  Additions  such  as  talc,  kaolin,  gypsum  are  examined  by  the 
regular  analytical  methods  after  ashing  the  sample;  or,  after  solution  of  the 
ozokerite  in  naphtha,  the  residue  is  examined. 

(/)  Additions  of  Stearin,  Palmatin,  Japan  Wax,  etc.,  are  de- 
tected by  the  methods  described  on  page  341  and  following. 

(g)  Melting  Point,  Solidification  Point,  Dropping  Point  are 
determined  as  described  under  paraffin  (page  189). 

B.  Montan  Wax 

The  entire  amount  of  bitumen,  which  can  be  obtained  by  de- 
structive distillation  of  a  bituminous  coal,  cannot  be  obtained  by 
extraction  with  naphtha  or  benzol.  The  yield  may  be  40-50  per 
cent  of  the  maximum  but  at  times  90  per  cent  of  the  bitumen 
remains  in  the  coal.  As  a  rule  the  crude  bitumen  is  obtained  by 
extraction  of  the  dried  pulverized  particles  of  coal  with  benzol. 
Recently  H.  Köhler  *  has  recommended  melted  naphthalene  as 
the  solvent,  the  residue  of  which  remaining  in  the  coal,  can  be 
driven  off  by #  steam  distillation.  The  melting  point  of  the  ex- 
tracted bitumen  lies  between  70°  and  80°,  but  may  at  times  be 
higher  or  lower.  The  melting  point  of  the  product  is  dependent 
not  only  on  the  kind  of  solvent  but  also  on  the  nature  of  the  coal. 

The  extracted  bitumen  consists  f  of  esters  of  acids  of  high  molec- 
ular weight,  free  acids  and  substances  containing  sulphur.  Hüb- 
ner X  found  a  ketone-like  body  CieHaO  as  a  component  of  bitumen. 
Hell  found  the  montanic  acid,  C29H59O2  which  has,  however,  been 
given  the  formula  C29H&8O2  by  others. 

The  bitumen  is  decomposed,  by  dry  distillation,  into  saturated 
and  unsaturated  hydrocarbons,  acid  and  basic  substances;  water 
and  carbon  dioxide  are  also  formed. 

In  1869  and  in  1878  Ramdohr  §  tried  to  obtain  bitumen  from 

*  D.  R.  P.  204,  256. 

t  Hell,  Zeit.  f.  angew.  Chem.,  13,  556  (1900);  Kraemer  and  Spilker,  Ber., 
85,  1212  (1902). 

X  Inaugural  Dissertation,  Halle,  1908. 
JD.R.P.  2232. 
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bituminous  coal  by  distillation  with  steam;  the  product,  however, 
consisted  of  tar  and  solid  bitumen  and  the  cost  of  operation  was 
too  great.  In  1897  E.  von  Boyen  again  took  up  the  separation 
of  the  bitumen*;  he  treated  the  moist  coal  with  superheated 
steam,  or  the  dried  coal  with  solvents.  The  bitumen  thus 
obtained  was  worked  up  into  montan  wax  by  repeated  dis- 
tillation with  superheated  steam  at  250°,  later  by  distillation  in 
a  vacuum;  a  white  crystalline  product,  melting  over  80°  was 
obtained. 

Recently  according  to  a  patent  of  E.  Schliemann,  Hamburg, 
the  crude  wax  (like  ozokerite  or  carnauba  wax)  is  melted  together 
with  paraffin  before  the  purification  (with  sulphuric  acid  and  bone 
black)  and  thereby  the  action  of  the  reagents  made  more  effective. 
By  heating  the  purified  montan  wax  (70  per  cent  free  montanic  acid) 
with  glycerine,  there  is  formed  by  a  smooth  reaction  the  dimon- 
tanic  ester  of  glycerine,  of  melting  point  80-81°  and  a  dropping 
point  over  100°.  This  is  used  as  a  substitute  for  carnauba  wax 
for  hardening  fats  and  waxes. 

The  crude  montan  wax  is  used  in  the  manufacture  of  shoe  polish, 
phonograph  records,  electric  insulating  material,  etc.  It  is  to  be 
tested  like  crude  ozokerite  for  mechanical  impurities,  melting  point 
and  additions,  in  so  far  as  this  is  possible  from  the  known  con- 
stants (see  also  under  candle  materials,  page  379).  The  purified 
product  is  to  be  tested  for  melting  point,  solidification  point  and 
at  the  same  time  for  added  materials. 

According  to  Marcusson  f  crude  montan  wax  is  not  completely 
saponifiable  by  2  N  alcoholic  potash  over  a  free  flame  or  under 
pressure,  but  it  can  be  saponified  by  heating  10  grams  of  the  wax 
for  8  hours  with  50  c.c.  of  benzol  and  50  c.c.  of  2  AT  alcoholic  potash, 
if  200  c.c.  of  alcohol  are  added  to  complete  solution. 

Montanic  acid  separated  by  this  method  of  saponification  has  a 
saponification  number  of  143  and  can  be  separated  by  hot  petro- 
leum ether  into  dark  insoluble  oxy-acid-like  bodies  (melting  point 
over  100°)  and  acids  soluble  in  petroleum  ether  (melting  under 
100°)  which  do  not  give  the  Liebermann  test  for  cholesterol.  The 
fact  that  even  on  treatment  with  such  strong  alkali  only  traces  of 
volatile  acids  are  obtained  is  probably  explained  by  the  fact  that 
the  montanic  acids  are  mainly  saturated  in  nature  and,  therefore, 

♦  D.  R.  P.  101,  373  of  July  1,  1897. 
t  Chem.  Rev.,  16,  193  (1908). 
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not  broken  down  into  acids  of  lower  molecular  weight  on  treatment 
with  alcoholic  alkali. 

The  unsaponified  parts  give,  with  acetic  anhydride  and  sulphuric 
acid,  a  pronounced  Cholesterin  reaction  so  that  montan  wax  (which 
Kraemer  and  Spilker  considered  as  an  important  source  of  petro- 
leum) contains  Cholesterin  alcohols  or  their  dextro-rotatory  trans- 
formation products.  The  unsaponifiable  matter  recrystallized 
from  alcohol  no  longer  gives  the  Cholesterin  reaction;  the  evapora- 
ted residue  of  the  alcoholic  solution  does.  The  naphtha-soluble 
portion  of  the  latter  also  gave  the  reaction. 

Protein  acids  in  the  sense  of  Neuberg  *  cannot  be  present  in 
montan  wax,  since  this  only  contains  traces  of  acids  volatile  with 
steam.  Walker  t  found  the  optical  rotation  of  that  part  of  montan 
wax  crystallized  from  absolute  alcohol  to  be  [<x]d  =  +10  at  50°  C, 
in  other  words,  very  high.  According  to  Marcusson  not  only  the 
unsaponifiable  parts  but  also  the  acids  of  the  wax  soluble  in  petro- 
leum ether  are  dextro-rotatory. 

A  montan  wax  tested  by  Eisenreich  J  gave  the  following  con- 
stants: 

Acid  value  93;  saponification  value  94.6;  iodine  value  (Wijs) 
12;  unsaponifiable,  29  per  cent;  acetyl  number  11.2;  montanic 
acid  of  melting  point  82.5°  and  formula  CstHssC^;  unsaponifiable 
matter  of  the  formula  C^H&jO  and  of  the  melting  point  63.5°;  an 
alcoholic  hydroxyl  group  could  not  be  proved  present. 

The  method  of  analysis  was  the  following:  To  determine  the  saponification 
number,  2  grams  of  wax,  40  c.c.  of  benzol  and  25  c.c.  of  N/2  KOH  were  boiled  6 
hours  under  a  reflux  condenser  and  then  titrated  with  N/2  HCL  The  acid 
value  was  determined  by  dissolving  the  wax  in  a  neutralized  mixture  of  ethyl 
and  amyl  alcohols,  with  gentle  heating,  and  then  titrating  with  N/10  alcoholic 
KOH  in  the  presence  of  Phenolphthalein. 

The  determination  of  the  unsaponifiable  matter,  according  to  Spitz  and 
Honig,  is  difficult  because  of  the  slight  solubility  of  the  montanic  acid  soaps. 
It  was  possible  to  saponify  2  grams  of  wax,  as  in  the  determination  of  the  sapon- 
ification value;  the  saponified  solution  was  then  mixed  with  30  grams  of 
carefully  cleaned  dry  quartz  sand  and  evaporated  to  dryness  (with  stirring) 
on  a  water  bath.  The  residue  was  extracted  in  a  Soxhlet  apparatus  with  petro- 
leum ether  of  boiling  point  up  to  60°. 

*  Biochem.  Zeitschrift,  1906,  368. 
t  Chem.  Ztg.,  30,  1167  (1906). 
J  Chem.  Rev.,  16,  211  (1909). 


CHAPTER  IV 

TARS  OBTAINED  BY  DISTILLATION  OF  COAL, 
LIGNITE,  SHALE  AND  PEAT 

A.  Coal  Tar  and  Coal-Tar  Products 

I.  Composition  of  Crude  Tars 

Coal  tar  *  is  obtained  as  a  by-product  in  the  manufacture  of  coke 
(coke-oven  tar)  and  in  the  manufacture  of  illuminating  gas  (gas- 
tar)  ;  of  lesser  importance  are  oil-gas  tar,  water-gas  tar  and  blast- 
furnace tar.  The  yield  of  tar  in  the  manufacture  of  illuminating 
gas  from  coal  is  about  4  per  cent  of  the  coal ;  in  the  manufacture  of 
coke  the  yield  ranges  from  2  to  6  per  cent,  according  to  the  coal 
and  the  construction  of  the  retorts.  Its  color  is  due  mainly  to 
suspended  carbon  particles  and  to  dark-colored  hydrocarbons  of 
high  molecular  weight.  The  specific  gravity  varies  with  coal  tar 
from  1.1  to  1.28,  with  other  tars  f  from  0.954  to  1.22.  As  a  rule 
the  specific  gravity  of  coal  tars  is  over  1,  blast-furnace  tar  and 
oil-gas  tar  (according  to  the  manner  of  gasification)  may  have  a 
specific  gravity  under  1.  In  the  main  the  coal  tars  consist  of 
aromatic  hydrocarbons.  According  to  the  new  Del  Monte  J  proc- 
ess of  destructive  distillation  it  is  possible  by  coking  the  coal  at  a 
low  temperature  to  obtain  a  tar  which  is  more  aliphatic  in  character 
and,  therefore,  resembles  lignite  tar  and  petroleum  more  than  it 
does  coal  tar. 

On  the  average  the  tars  from  German  gas  plants  showed  §  the 
following  composition: 

*  Lunge-Köhler,  Industrie  des  Steinkohlenteers,  Bd.  I. 
t  Lunge-Berl,  III.  Bd.,  375. 
t  Braunkohle,  11,  607  (1912). 
§  G.  Kraemer,  Journ.  f.~  Gasbeleucht.,  1891,  225. 
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CnHj  „_6        Series  (benzol  and  homologues) 

CnHj  n-70H  Series  (phenol  and  homologues) 

CnHj  n-7N    Series  (pyridine  and  quinoline  bases) 

CnH«  n-u       Series  (naphthalene,  acenaphthene) 

CnHn  Series  (heavy  oils) 

CsHsn-«       Series  (anthracene,!  phen an threne) 

Cs  nHn  Series  (asphalt,  soluble  components  of  pitch) . . 

Cj  nHn  Series  (carbon,  insoluble  components  of  pitch . 

Water,  ammoniacal 

Gases  (loss  on  distillation) 


Percent 


2  50 

2.00 

0.25 

6.00 

20.00 

2.00 

38.00 

24.00 

4.00 

1.25 

100.00 


The  above  analyses  were  obtained  with  horizontal  or  inclined 
retorts.  The.  use  of  vertical  retorts  has  a  decided  effect  on  the 
composition  of  the  tars.  The  following  comparison  *  of  results 
with  the  same  coal  is  interesting: 


Water 

Light  oil  to  100° ."."." 
Light  oil  100°  to  170°... 
Middle  oil  170°  to  230°.. 
Heavy  oil  230°  to  270°.. 
Anthracene  oil  over  270° 
Pitch 


Vertical  retorts 

Inclined  retorts 

5.70 

10.35 

8.90 

1.00 

1.20 

1.60 

13.50 

7.50 

7.30 

10.27 

29.30 

18.80 

34.10 

58.13 

An  exact  compilation  of  all  components  discovered  or  suspected 
as  present  in  coal  tar  is  found  in  Lunge-Köhler,  page  221. 

The  undistilled  coal  tar  is  used  for  fuel  in  heating  the  gas  retorts, 
in  the  preserving  of  wood,  in  the  manufacture  of  roofing-felt,  as  an 
addition  to  natural  asphalt  (detection,  see  page  241),  in  the  manu- 
facture of  lampblack,  etc.  By  distillation  over  a  free  flame  or  by 
means  of  steam,  as  is  known,  a  large  number  of  products  are  ob- 
tained; these  are  of  great  importance  in  the  preparation  of  dye- 
stuffs  and  of  pharmaceutical  products.  The  amounts  of  the 
different  fractions  obtained  in  the  distillation  are  shown  on  page 
255. 

Coke-oven  tars  are  more  mobile  than  gas  tars,  and  do  not  con- 
tain more  than  10-12  per  cent  of  free  carbon,  often  only  2-6  per 


*  Schäfer,  Einrichtung  und  Betrieb  eines  Gaswerks,  München,  1909, 194. 
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cent.  According  to  Spilker  *  the  tars  from  the  coke  ovens  of  the 
valley  of  the  Ruhr  showed  the  following  composition  (sp.  gr.  1.145 
to  1.191): 


Water 

Light  oil 

Middle  oil 

Heavy  oil 

Anthracene  oil 

Pitch 

Loss 


Percent 


2.69 
1.38 
3.46 
9.93 
24.76 
56.44 
1.34 


Blast-furnace  tars  are  obtained  mostly  in  Scotland  where,  instead 
of  using  coke,  bituminous  coal  is  charged  into  the  furnace.  They 
contain  more  acid  oils  than  does  coal  tar  (phenol,  cresol  and 
especially  the  higher  homologues),  less  benzol  and  aromatic  hydro- 
carbons, on  the  other  hand,  more  paraffin.  The  high  ash 
content  (flue  dust)  makes  the  pitch  very  much  less  valuable. 
The  composition  of  such  a  tar  f  is  given: 


Specific 
gravity 


Water 

Oil  up  to  230° 

Oil  from  230°  to  300° 

Oil  from  300°  to  solidification  of  the  distillate 

Soft  paraffin 

Coke 

Loss 


1.007 
0.899 
0.971 
0.994 
0.987 


The  tar  obtained  in  water  gas  manufacture  is  similar  to  coal  tar. 
(See  page  74.)  The  crude  tar  contains  up  to  30  per  cent  of  neutral 
water  from  which  it  is  freed  only  with  difficulty.  According  to 
Lunge  X  this  tar  is  less  valuable  because  of  its  content  of  paraffin. 
A  tar  from  water  gas  carburetted  with  Russian  crude  oil  had  the 
following  composition  §: 

*  Kokerei  und  Teerprodukte, 
t  Smith,  Jour.  Soc.  Chem.  Industry,  1883,  495. 
t  Lunge-Köhler,  200. 

§  Mathews  and  Goulden,  Gas  World,  16,  625;  Wagner-Fischer,  Jahres- 
bericht, 1892,  77. 
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Benzol 

Toluol 

Light  paraffins 

Solvent  naphtha. 

Phenols 

Middle  oils 

Heavy  oils 

Naphthalene 

Crude  anthracene 
Coke 


Percent 


1.19 

3.83 

8.51 

17.96 

traces 

29.44 

24.26 

1.28 

0.93 

9.80 


97.20 


Water-gas  tar  generally  contains  only  traces  of  free  carbon  and 
consists  in  general  of  undecomposed  gas  oil,  as  well  as  aromatic 
decomposition  products  of  the  same.  When  distilled  industri- 
ally, the  following  yields  are  obtained: 


Light  and  middle  oils  up  to  230°. 

Heavy  oils  up  to  300° 

Anthracene  oils  over  300° 

Pitch  (very  lustrous  and  mobile) 
Water  and  loss 


Percent 


About  22 

30 

13 

30 

5 


Oil-gas  tar  is  similar  to  coal  tar  in  properties  and  composition 
but  differs  in  having  a  lower  specific  gravity  and  in  its  almost  com- 
plete lack  of  phenol-like  and  basic  substances.  It  has  about  the 
same  color  as  coal  tar  but  is  more  mobile.  The  amount  of  free 
carbon  is  about  20-22  per  cent.  Scheithauer  gives  the  following 
analysis  of  a  gas  oil  obtained  as  a  product  of  the  Thuringian  brown- 
coal  tar  industry: 


First  runnings  from  70°  to  150° 
Light  oil  from  150°  to  200°. . . . 
Middle  oil  from  200°  to  260°. . . 
Heavy  oil  from  250°  to  300°. . . 

Anthracene  oil  over  300° 

Pitch  and  loss 


Percent 


6-10 
5-10 
20 
20 
30 
10 


Würth  *  f ound  in  an  oil-gas  tar  of  the  same  region  the  following 

composition: 

*  Dissertation,  München,  1904. 
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Benzol 

Toluol 

Xylol 

Resinifiable  oils  under  150° 

Oil  from  150°  to  200° 

Oil  from  200°  to  300° 

Oil  from  300°  to  360° 

Naphthalene 

Crude  anthracene 

Phenols 

Bases 

Asphalt 

Free  carbon 

Water  (neutral) 


Percent 


1.00 

2.00 

1.30 

1.00 

1.50 

26.60 

12.60 

4.90 

0.58 

0.30 

Trace 

22.00 

20.50 

4.00 


II.  Examination  op  the  Crude  Tars 

(a)  Specific  Gravity.  This  must  be  determined  in  a  manner 
somewhat  different  from  that  used  for  oils  (page  97).  The  water 
content  of  the  tar  must  be  considered. 

To  separate  the  mechanically  admixed  water,  the  tar  is  placed  in  a  large 
covered  beaker  and  allowed  to  stand  in  warm  water  (not  over  50°) ;  the  water 

collecting  on  the  surface  is  poured  off  or  removed  by  touching 
A  with  filter  paper.    The  tar,  freed  from  water,  is  then  allowed 

^■ppW^         to  stand  at  room  temperature.    Since  at  this  temperature  the 
™*  '  ""n  t      tar  is  generally  too  viscous  for  the  specific  gravity  to  be 
determined  with  a  pycknometer,  Lunge  *  advises  the  use  of  a 
small  weighing  bottle  (Fig.  92),  in  the  glass  stopper  of  which 
a  small  groove  is  filed  at  a  (2  mm.  wide  and  2  mm.  deep). 

The  actual  weight  (a)  is  first  determined;  the  vessel  is  filled 
with  water  at  15°  and  again  weighed  (6).  After  emptying 
and  drying,  it  is  two-thirds  filled  with  tar  and  kept  for  1  hour 
in  warm  water  (without  cover)  to  remove  all  air  bubbles  from 
the  tar.  It  is  allowed  to  cool  and  is  then  weighed  (vessel  -f  tar 
=  c).  It  is  then  filled  with  water,  the  cover  put  on  and  the 
apparatus  allowed  to  stand  at  constant  temperature.  After 
removing  the  water  which  squeezes  out  through  the  groove,  and  drying,  it  is 
again  weighed  (d).    The  specific  gravity  sought  is  calculated  as  follows: 


<—«•--*■ 


I 


T 


i 


Fig.  92. 


c  —  a 


specific  gravity. 


6 +  c -(<*  +  <*) 

(b)  Determination  of  the  Free  Carbon.    The  method  of  Köhler  f 

is  used: 

*  Zeit.  f.  angew.  Chem.,  7,  449  (1894). 
t  Ding.  Poly.  Journ.,  270,  233. 
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10  grams  of  tar,  25  grams  of  glacial  acetic  acid  and  25  grams  of  toluol  are 
boiled  under  a  reflux  condenser  and  the  liquid  is  filtered  through  two  weighed 
papers  folded  together.  The  papers  are  washed  with  hot  toluol  till  the  fil- 
trate runs  through  «olorless,  and  then  are  dried  at  120°  to  constant  weight. 
The  difference  in  weight  is  the  amount  of  free  carbon. 

The  amount  of  free  carbon  gives  useful  information  regarding 
the  yield  of  pitch  and  also  helps  decide  whether  the  tar  is  work- 
able; the  higher  the  carbon  content,  the  greater  the  danger  of 
boiling  over  in  distillation. 

(c)  Water.  Various  *  methods  are  available  for  the  determi- 
nation of  water  but  these  need  not  be  described,  since  the  distilla- 
tion with  toluol  (Marcusson-Hofmann,  page  22)  will  lead  to  the 
result. 

(d)  Distillation  Test  See  page  260  as  well  as  Lunge-Köhler, 
page  499. 

III.  Examination  op  the  Crude  Distillates  and 

Residues 

The  crude  tar  is  separated  into  the  following  fractions  by  dis- 
tillation: 

Light  oil  up  to  170°. 

Middle  oil  from  170°  to  230°. 

Heavy  oil  from  230°  to  270°. 

Anthracene  oil  to  the  end  of  the  distillation. 

Coal-tar  pitch  (the  undistilled  residue). 

The  middle  oil  is  allowed  to  stand  and  is  then  artificially  cooled, 
the  naphthalene  being  separated  by  filtering  and  pressing;  the 
heavy  oil  is  similarly  treated  and  the  crude  naphthalene  obtained  is 
added  to  that  obtained  from  the  middle  oil  fraction.  The  anthra- 
cene is  obtained  in  the  same  way  from  anthracene  oil;  the  oil, 
after  being  allowed  to  stand  for  3-4  days  (it  crystallizes  very  slowly) 
is  filtered  through  linen  and  pressed. 

(a)  Light  Oil.  This  is  yellow  to  dark  brown  in  color,  very 
mobile,  with  a  specific  gravity  0.910  to  0.950;  90  per  cent  distills 
below  200°.  The  fraction  generally  begins  to  boil  between  80-90°; 
30-50  per  cent  distills  below  120°  (limit  for  the  anilin  benzol); 
50-80  per  cent  below  160°  (limit  for  the  xylols)  and  the  rest,  up  to 
90  per  cent,  between  170°  and  230°.  Light  oil  from  coke-oven  tar 
frequently  contains  much  higher  boiling  components. 

*  Lunge-Berl,  Bd.  Ill,  386. 
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1.  Test  for  Phenols.  100  c.c.  of  oil  are  shaken  with  100  c.c.  of  sodium 
hydroxide  solution  of  specific  gravity  1.100.  Each  cubic  centimeter  increase 
in  volume  of  the  alkali  solution  may  be  said  to  be  approximately  equal  to  1  per 
cent  of  acid  oil.  For  a  more  exact  determination  the  alkaline  layer  is  sepa- 
rated from  the  oil,  evaporated  on  a  water  bath,  till  no  further  milkiness  results 
on  the  addition  of  water,  acidified  with  hydrochloric  acid  on  cooling,  and  salted 
out  with  sodium  chloride.  The  volume  of  the  separated  phenols  is  measured, 
every  cubic  centimeter  corresponding  to  1  per  cent.  The  mean  of  the  methods 
will  give  the  true  content  of  acid  oil. 

2.  Test  for  Bases.  The  oil  extracted  with  sodium  hydroxide  is  shaken 
with  30  c.c.  of  20  per  cent  sulphuric  acid  and  the  increase  in  volume  of  this 
determined.  To  determine  the  amount  of  pyridine  bases  present,  the  bases  ex- 
tracted with  sulphuric  acid  are  carefully  set  free  with  sodium  hydroxide  solu- 
tion (sp.  gr.  1.4)  in  large  excess.  The  mixture  is  then  distilled  till  the  pyridine 
can  no  longer  be  tasted;  the  distillate  of  about  50  c.c.  is  diluted  to  200  c.c.  with 
alcohol,  and  of  this,  10  c.c.  are  treated  with  50  c.c.  of  absolute  alcohol  and  about 
2  c.c.  of  a  saturated  aqueous  solution,  of  cadmium  chloride.  After  standing  24 
hours,  the  separated  white  crystals  of  the  pyridine  derivative  are  caught  on  a 
weighed  filter,  dried  at  100°  and  weighed.  100  parts  of  the  pyridine  derivative 
correspond  to  46  parts  of  pyridine. 

(6)  Middle  Oil.  This  is  solid  or  semisolid  at  ordinary  tem- 
peratures because  of  the  naphthalene,  completely  liquid  at  40°, 
and  of  a  yellow  to  brown  color;  the  specific  gravity  is  about  1.02; 
at  least  90  per  cent  should  distill  below  260°.  The  oil  pressed  off 
from  the  naphthalene  should  distill  below  250°  and  should  have  a 
specific  gravity  of  0.99  to  1.01.  Middle  oil  contains  about  40  per 
cent  of  naphthalene,  25  to  35  per  cent  phenols,  some  methyl 
naphthalene,  as  well  as  5  per  cent  of  basic  substances  (pyridine, 
quinoline,  quinaldine).  The  testing  for  naphthalene  by  pressing 
has  already  been  mentioned  on  page  257. 

(c)  Carbolic  Oil.  This  has  a  specific  gravity  of  1.00  to  1.005, 
is  pasty  at  room  temperatures  and  boils  between  160°  and  250°. 
It  contains  from  25  to  40  per  cent  of  phenols,  about  the  same 
amount  of  naphthalene  and  7  per  cent  of  bases. 

To  Test  for  Phenols  at  least  500  c.c.  of  carbolic  oil  are  extracted  with 
sodium  hydroxide  solution  (sp.  gr.  1.1);  the  alkaline  solution  is  distilled  on  a 
sand  bath  with  steam  till  the  distillate  is  clear  and  nearly  odorless  and  taste- 
less. The  phenols  are  precipitated  by  carbon  dioxide,  or  dilute  sulphuric  acid, 
and  saturated  sodium  chloride  solution,  washed  once  with  water  and  then 
carefully  separated  from  this.  The  product  is  to  be  examined  for  the  amount 
of  water  contained  and  solidification  point;  a  test  should  be  made  to  see  if  it 
dissolves  in  water,  forming  a  clear  solution.* 

*  See  also  Lunge-Berl,  Bd.  Ill,  400. 
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(d)  Heavy  Oil  is  a  semiliquid  mass  of  specific  gravity  1.04; 
the  most  of  it  distills  between  200°  and  300°.  It  contains  14r-16 
per  cent  naphthalene,  acenaphthene  and  similar  hydrocarbons,  8 
to  10  per  cent  acid  oils  (cresols  and  their  homologues),  6  per  cent 
of  pyridine  bases  and  70  per  cent  of  liquid  hydrocarbons  of  un- 
known constitution. 

(e)  Naphthalene  Oil  I  boils  between  180°  and  230°;  on  cooling 
it  separates  40  per  cent  of  naphthalene,  contains  15  per  cent  of 
acid  oils  and  up  to  30  per  cent  of  basic  components. 

Naphthalene  Oil  II  boils  between  200°  and  280°;  the  crude 
naphthalene  obtained  from  it  is  contaminated  with  some  acenaph- 
thene and  some  methyl  naphthalene.  After  separating  the  naph- 
thalene, there  is  obtained  from  the  naphthalene  oil  I  commercial 
carbolic  acid;  from  naphthalene  oil  II,  there  is  obtained  creosote 
oil,  which,  mixed  with  an  equal  amount  of  filtered  anthracene  oil, 
is  used  for  impregnation. 

(/)  Anthracene  Oil  is  greenish  yellow  to  green  brown,  has  a 
specific  gravity  of  about  1,1  and  boils  between  280°  and  400°.  It 
contains  2.5-3.5  per  cent  of  pure  anthracene,  some  phenanthrene, 
carbazole,  fiuorene,  acridine  and  6  per  cent  of  phenols  of  unknown 
constitution.  For  a  method  to  determine  the  amount  of  pure 
anthracene  present  in  an  anthracene  oil  and  in  crude  anthracene 
see  page  221.  For  tests  for  methyl  anthracene,  phenanthrene, 
carbazole  and  paraffin  see  Lunge-Köhler,  page  621. 

(g)  Pitch  is  a  resinous  material,  dark  brownish  black  in  color 
and  giving  a  peculiar  fracture.  The  specific  gravity  depends  on 
its  origin:  from  water-gas  tar  not  over  1.20;  vertical-retort-tar 
pitch  and  coke-oven-tar  pitch  1.25  to  1.275;  gas-tar  pitch  over 
1.30-1.33.  Soft  pitch  softens  at  40°  and  melts  at  50°;  medium 
hard  pitch  softens  at  60°  and  melts  at  70°;  hard  pitch  softens  at 
80-85°  and  melts  at  90-100°. 

IV.  Commercial  Benzols 

The  first  two  fractions  obtained  in  the  distillation  of  coal  tar 
consist  mostly  of  benzol  and  its  homologues;  that  portion  dis- 
tilling between  120°  and  170°  is  known  as  solvent  naphtha.  The 
benzols  found  on  the  market  are  known  as  benzol  90  per  cent,  50 
per  cent,  30.  per  cent  and  0  per  cent,  according  to  the  per  cent  dis- 
tilling below  100°.  The  0  per  cent  benzol  is  pure  toluol.  90  per 
cent  benzol  is  used  in  carburetting  coal  and  water  gas;  heavy  benzol 
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(solvent  naphtha)  is  used  in  the  rubber  and  varnish  industry  as  a 
solvent,  as  well  as  a  fuel  in  explosion  motors.  In  Table  56  will  be 
found  the  commercial  products  with  their  boiling  limits  and  specific 
gravities. 

TABLE  56 


Factory  designation 

Tradenames 

Boiling  limits 

Specific 
fravity, 

^•c 

15  C- 

Commercial  beniol     I 
Commercial  bensol   II 
Commercial  benzol  III 
Commercial  bensol  IV 

00  per  cent  bensol 

50  per  cent  bensol 

0  per  cent  bensol 

90%  under  100°  100%  below  120° 

50%  under  100°    00%  below  120° 

0%  under  130*    90%  below  120° 

30%  under  130*    90%  below  141.5° 

0%  under  130*    90%,  below  180* 

0%  under  145*    90%  below  175* 

0%  under  180*    90%  below  195* 

95%  boiling  within  0.8* 
95%  boiling  within  0.8* 
95%  boiling  within  0.8* 
0%  under  138*    90%  below  140* 
0%  under  183*    90%.  below  172* 
0%  under  167*    90%  below  170* 

0.880-0.883 
0.875-0.877 
0.870-0.872 

Commercial  beniol    V 
Commercial  bensol  VI 
Commercial   heavy     ) 

Pure  bensol 

Solvent  naphtha     I 
Solvent  naphtha  II 

Heavy  bensol 
80/81%  bensol 

0.870-0.880 
0.880-0.910 

0.920-0.945 
0.883-0.885 

Bensol,  thiopbene-free. 

0.883*0.884 

Toluol 

Pure  toluol 
Pure  xylol 

0.870-0.871 

Xylol 

0.867-0.889 

Cumol 

0.886-0.890 

Pseudocumol 

0.888-0.890 

The  composition  of  commercial  benzols  is  given  by  Kraemer  and 
Spilker  as  follows  (Table  57) : 

TABLE  57 


90  per 

cent 

beniol 

50  per 

cent 

beniol 

Oper 

cent 

beniol 

Solvent 

naphtha« 

160* 

Solvent 

naphtha. 

175* 

Heavy 
beniol, 

Benzol 

84 

13 

3 

43 
46 
11 

•  •  •  • 

•  •  •  • 

15 
75 

10 

•  •    •    • 

•  •    ■    « 

5 

70 
25 

35 

60 

5 

Toluol 

Xylol 

5 

Cumol 

80 

Neutral  naphthalene  oil . 

•     m    a     • 

15 

The  following  tests  are  to  be  made  with  benzols  and  with  solvent 
naphtha: 

(a)  Distillation  Test  The  apparatus  of  Kraemer  and  Spilker, 
shown  in  Fig.  93,  is  used.  The  still  of  150  c.c.  capacity  is  made  of 
0.6-0.7  mm.  copper.  The  dimensions  in  general  are  shown  in  the 
diagram.  The  thermometer  bulb  reaches  into  the  middle  of  the 
bulb  of  the  distilling  column.  The  neck  of  the  flask  is  25  mm. 
long,  22  mm.  wide  at  the  top  and  20  mm.  at  the  bottom.    100  c.c. 
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of  sample  are  distilled.*  The  temperature  at  which  the  first  drop 
falls  from  the  adapter  is  taken  as  the  beginning  of  distillation; 
the  rate  of  distillation  is  so  adjusted  that  5  c.c.  pass  per  minute  (2 


Fig.  93. 


mmti 


drops  per  second).  The  distillation  is  ended  when  90  per  cent  (or 
with  pure  products  95  per  cent)  has  passed  over.  The  following 
fractions  are  to  be  caught: 


With  pure  benzol 


50  and  90  per  cent  benzol. 


Toluol 


Xylol. 


Up  to  79° 

79-81° 

residue 
f  Under  79a 
79-85° 
85-105° 

105^115° 

residue 

Under  109° 

10^-110.5° 

residue 
f  Under  135° 

135-137° 

137-140° 

140-145° 

residue. 


First  runnings 
benzol 

First  runnings 

benzol 

intermediate  fraction 

toluol 

xylol 

First  runnings 

toluol 

First  runnings 
p-xylol 
m-xylol 
o-xylol 


(b)  Test  for  Carbon  Disulphide.  90  per  cent  commercial 
benzol  contains  0.2-1  per  cent  of  carbon  disulphide.  f  The  specific 
gravity  of  benzol  is  increased  by  the  carbon  disulphide  J  (0.0033 
by  1  per  cent  by  volume,  0.0065  by  2  per  cent  by  volume). 

*  The  apparatus  may  be  obtained  from  Dr.  R.  Muencke,  Berlin,  Luisen- 


t  Muspratt,  1908,  46. 

t  Nickels,  see  Schultz,  Steinkohlenteer,  Bd.  I,  37. 
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The  qualitative  detection  of  carbon  disulphide  is  best  made  by  the  method 
of  Liebermann  and  Seyewetz.*  10  c.c.  of  the  sample  are  treated  with  5  drops 
of  Phenylhydrazine  and,  with  frequent  shaking,  are  allowed  to  stand  for  1.5 
hours.  Even  when  only  0.03  per  cent  of  carbon  disulphide  is  present,  a  visible 
precipitate  of  Phenylhydrazine  phenylsulphocarbazinate  will  form.  The  test 
can  be  made  even  more  delicate  by  first  distilling  the  benzol  and  examining 
the  more  volatile  portions  for  carbon  disulphide. 

More  rapid  than  this  is  the  detection  by  the  Votocek  and  Potem- 
silf  modification  of  the  Hof  mann  reaction: 

CS2  +  2  C«H6NH2 >  CS  (NH  •  C«H6)i  +  H,S. 

This  takes  place  rapidly  in  alkaline  solution;  the  alkali  sulphide 
formed  can  be  easily  and  certainly  detected  by  means  of  sodium 
nitroprusside. 

The  amount  of  carbon  disulphide  may  be  quantitatively  deter- 
mined by  the  method  of  Frank  $  by  shaking  the  sample  with  alco- 
holic potash  and  titrating  the  potassium  xanthogenate  with  copper 
sulphate  (Hof mann  xanthogen  reaction). 

50  grams  are  mixed  with  50  grams  of  alcoholic  potash  (11  grams  in  90  grams 
of  absolute  alcohol)  and  are  left  several  hours  at  room  temperature.  The  mix- 
ture is  then  shaken  with  100  c.c.  of  water,  the  aqueous  layer  is  separated  and  the 
benzol  repeatedly  washed  with  water.  The  wash  waters  are  to  be  united  with 
the  first  solution  containing  xanthogenate.  All  or  an  aliquot  part  of  the 
solution  is  then  titrated  with  copper  sulphate  (12.475  grams  crystallized  copper 
sulphate  per  liter,  1  c.c.  being  equivalent  to  0.0076  gram  of  carbon  disulphide). 
The  solution  is  neutralized  with  acetic  acid  and  then  copper  sulphate  added 
till  a  drop  of  the  solution  on  filter  paper  gives  a  red-brown  zone  when  touched 
with  a  drop  of  potassium  ferrocyanide.  The  end-point  of  the  titration  is  also 
shown  by  the  clumping  together  of  the  at  first  finely  divided  precipitate  of 
copper  xanthogenate.  When  more  than  5 'per  cent  of  carbon  disulphide  is 
present  (as  is  the  case  in  the  first  runnings  of  benzol)  more  alcoholic  potash,  or 
less  of  the  sample,  should  be  used.  The  higher  "  benzols  "  are  free  from  carbon 
disulphide. 

(c)  Thiophene.  From  0.05  to  0.5  per  cent  is  present  in  the  commercial 
benzols.  In  a  porcelain  dish  rinsed  out  with  pure  sulphuric  acid,  a  few  c.c.  of 
cone,  sulphuric  acid  are  poured  on  a  few  grams  of  isatin,  covered  with  benzol, 
and  are  then  allowed  to  stand  covered  with  a  watch  glass.  Blue  rings  form 
about  the  isatin  (indophenin)  when  thiophene  is  present.  The  reaction  is  not 
given  by  pure  benzol. 

Thiophene  is  quantitatively  determined  by  a  colorimetric  method.  §    The 

*  Ber.,  24,  788  (1891). 

t  Chem.  Ztg.  Rep.,  15,  275  (1891). 

t  Chem.  Ind.,  1901,  262. 

§  Schwalbe,  Lunge-Köhler,  972. 
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test  solutions  are  made  up  with  absolutely  pure  benzol  and  pure  thiophene 
(Kahlbaum)  in  concentrations  of  0.5,  0.1,  0.075,  0.05,  0.025  and  0.01  per  cent. 
25  c.c.  of  isatin-sulphuric  acid  (0.5  gram  in  1000  grams  of  pure  cone,  sulphuric 
acid)  are  put  into  a  100-c.c.  measuring  flask,  25  c.c.  of  pure  cone,  sulphuric  acid 
added  and  then  1  c.c.  of  the  sample  to  be  tested;  to  a  second  isatin-eulphuric 
acid  mixture  1  c.c.  of  test  benzol  is  added.  The  solutions  are  shaken  for  5 
minutes  and  then  their  colors  compared  against  a  white  background  after  15 
minutes.  Commercial  benzol  is  tested  from  0.5  per  cent  down;  pure  benzols 
from  0.25  per  cent  down.  In  a  closed  vessel  0.05  per  cent  can  be  detected;  in 
an  open  porcelain  dish  the  method  is  accurate  to  within  0.01  per  cent  if  for 
every  25  c.c.  of  0.05  per  cent  isatin  solution  1  c.c.  of  test  benzol  or  1  c.c.  of 
sample  is  added. 

(d)  Unsaturated  Compounds.  If  a  dark  brown  color  develops 
on  shaking  concentrated  sulphuric  acid  (94  per  cent)  for  5  minutes 
with  an  equal  volume  of  benzol,  the  presence  of  unsaturated  bodies 
(cumarone,  indene,  etc.)  is  indicated.  The  ability  to  absorb 
bromine  has  been  used  to  determine  these  unsaturated  bodies 
quantitatively. 

(e)  Paraffin  Hydrocarbons.  The  specific  gravity  of  the  ben- 
zols (0.87  to  0.89)  is  decidedly  reduced  by  the  presence  of  naphtha 
(sp.  gr.  0.65-0.75).  For  the  approximate  determination  of  naph- 
tha in  the  presence  of  benzol  and  solvent  naphtha,  the  behavior 
in  the  presence  of  nitric  acid  is  no  longer  used. 

According  to  Kraemer  and  Spilker  200  c.c.  of  the  sample  are  shaken  with 
500  c.c.  of  fuming  sulphuric  acid  (containing  20  per  cent  of  SOi)  in  a  roomy 
separately  funnel  for  15  minutes,  avoiding  heating.  After  standing,  the  used 
sulphuric  acid  is  drawn  off  and  the  operation  twice  repeated.  Hydrocar- 
bons, with  the  exception  of  paraffins  and  naphthenes,  and  carbon  disulphide  are 
destroyed.  The  combined  acid  extracts  are  poured  on  about  the  same  weight 
of  finely  powdered  ice,  with  frequent  shaking  to  avoid  heating  above  40°.  The 
undissolved  hydrocarbons  are  then  distilled  over  a  free  flame  until  50  c.c.  of 
water,  besides  the  oil  originally  passing,  have  distilled.  In  this  way  all  dis- 
solved or  mechanically  enclosed  oil  is  collected,  and,  after  drawing  off  the  water, 
united  with  the  original  oil.  Then  the  total  amount  of  oil  is  shaken  with  30- 
gram  portions  of  sulphuric  acid  (fuming,  20  per  cent  SOi)  till  no  more  change 
of  volume  takes  place.  The  number  of  grams  of  oil  is  to  be  divided  by  2  to 
find  the  per  cent  of  paraffin  hydrocarbons  present. 

90,  50  and  0  per  cent  benzols  rarely  contain  more  than  1  per 
cent  of  paraffins,  toluol  contains  none  and  xylol  sometimes 
as  much  as  3  per  cent.  To  distinguish  between  benzol  and 
paraffin  hydrocarbons,  according  to  Holde  and  Valenta,  see 
pages  49  and  165. 
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V.  Disinfecting  Oils* 

(a)  Carbolineum.  This  term  includes  heavy  coal-tar  oils  for 
disinfecting  purposes  and  for  preserving  timber.  The  oils  are 
obtained  by  pressing  crude  anthracene  (green  oils)  and  then  may 
be  further  treated  with  zinc  chloride  or  with  chlorine,  t  The  addi- 
tion of  zinc  chloride  is  supposed  to  replace  the  bactericidal  action 
of  the  higher  phenols  which  are  no  longer  present  in  these  portions 
of  coal  tar;  the  treatment  with  chlorine,  on  the  other  hand,  causes 
a  thickening  of  the  oils  so  that  the  viscosity,  the  flash  point  and 
the  specific  gravity  are  raised;  the  chlorine  also  removes  the  un- 
pleasant odor  of  the  crude  carbolineum.  The  mineral  oil  imita- 
tions of  carbolineum  do  not  have  the  preservative  action  of  the 
anthracene  oil;  consequently  the  detection  of  the  hydrocarbons  of 
water-gas  tar  is  of  importance.  The  test  with  dimethyl  sulphate 
(Valenta  test,  see  page  165)  can  be  made.  The  name  should  not 
be  taken  to  mean  that  the  product  is  carbolic  acid. 

TABLE  58 
Carbolineums 


Specific  gravity 

Viscosity  at  17°  C 

Flash  point 

Burning  point 

Beginning  of  boiling 

Distillate  below  250° 

Distillate  250-300° 

Ash 

Phenol 

Separation  of  naphthalene . 
Anthracene  in  the  residue. 


Avenariua* 
D.R.P.,  46,021 


1.128 
10.0 
131° 
190° 
230° 
0 
22.6% 
0.03% 
Traces 
None 
None 


Other  makes* 


1.075-1.130 
1.5-6.2 
58-110° 
95-130° 
200-270° 
8^53% 
20-51% 
0.02-0.83% 
0.4-5.4% 
Considerable 
Present 


Various 
makest 


1.11-1.12 
8-14  (b.  20°) 
106-118° 

''20^-240°'' 

5-11% 

77-78% 

0.07-0.08% 


*  Examined  by  FUainger,  Chem.  Ztg.,  15,  644  (1891). 
f  Examined  in  the  K.  Materialprüfungsamt. 

(6)  Urinal  Oils.J    The  following  tests  are  to  be  applied: 
1.  The  specific  gravity  should  be  less  than  that  of  the  urine, 
that  is,  less  than  1,  in  order  to  cover  the  odorous  substances. 

*  Literature:  Lunge-Köhler,  Steinkohlenteer,  Band  I,  606.  Muspratt, 
Chemie,  1896,  5,  248;  1906,  8,  60. 

t  D.  R.  P.,  46,021. 

t  Bericht  Über  die  Th&tigkeit  des  kantonalen  chemischen  Laboratoriums 
Basel-Stadt,  1904. 
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2.  It  should  have  a  solidification  point  under  — 10°. 

3.  Its  viscosity  (Engler)  should  not  be  less  than  9  at  20°. 

4.  The  phenol  content  should  not  be  less  than  10  liters  per  100 
kilograms. 

(c)  Creosote  Oil.  (This  is  also  used  as  lucigen  oil  for  street 
lighting.)  It  is  obtained  from  the  heavy  oil  of  coal  tar  by  frac- 
tionation and  by  pressing  of  the  solids  separating  (naphthalene, 
etc.). 

The  oils  used  for  preserving  or  pickling  timber  should  have 
the  following  properties  (as  required  by  the  Prussian  State 
railways) : 

On  distillation  not  more  than  3  per  cent  should  pass  at  150°,  10  per  cent  at 
200°,  25  per  cent  at  235°  (bulb  in  vapor).  Specific  gravity  at  15°  between  1.04 
and  1.1.  At  40°,  or  on  mixing  with  an  equal  volume  of  benzol  (crystallizable), 
only  traces  of  insoluble  material  should  be  observable.  Two  drops  of  the 
mixture  (or  melted  oil)  dropped  on  a  filter  paper  should  not  leave  a  definite 
spot  of  undissolved  substances. 

In  some  cases  (as  for  the  German-China  railways)  it  is  specified 
that  the  amount  of  acid  (carbolic)  contents  soluble  in  sodium 
hydroxide  of  specific  gravity  1.15  be  at  least  6  per  cent  (in  Saxony 
at  least  12  per  cent). 

Lucigen  oil  (tar  oil  for  vapor  lamps)  should,  according  to  the 
specifications  of  military  authorities,  have  a  specific  gravity  of  at 
most  1.02  at  15°,  should  not  contain  water  or  mechanical  impuri- 
ties of  any  sort,  or  at  ordinary  temperature  any  undissolved  naph- 
thalene or  similar  bodies;  it  should  not  show  any  sediment  on  long 
standing  at  ordinary  temperatures.  Lucigen  oil  should  be  liquid 
at  —10°,  except  for  small  amounts  of  crystalline  separations 
(naphthalene,  etc.).  On  distillation  at  least  81  per  cent  must  distill 
below  300°.  A  complete  separation  of  the  naphthalene  by  artificial 
cooling  would  not  be  profitable  because  of  the  use  to  which  it  is  to 
be  put. 

The  methods  to  be  used  in  the  examination  of  these  oils  have 
already  been  described  in  connection  with  other  substances. 

VI.  Wood  Cement 

Wood  cement*  is  a  coal  tar,  the  viscosity  and  adhesiveness  of 
which  have  been  increased  by  the  addition  of  sulphur,  rosin  and 

*  Köhler,  Asphalte,  246. 
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other  substances;  oil-gas  tar  is  occasionally  used.  The  sulphur 
acts  as  a  condensing  agent  (at  a  temperature  of  110°)  on  certain 
substances  in  the  coal  tar,  whereby  the  melting  point  of  the  prod- 
uct is  raised.  It  has  been  found  desirable  to  add  the  sulphur 
to  the  heavy  tar  oils  in  a  dissolved  condition.  Coal-tar  pitch  is 
used  to  thicken  the  less  viscous  coal  tar;  a  high  adhesive  power  is 
obtained  by  the  addition  of  rosin  and  of  rosin  oil.  To  prevent  the 
draining  out  of  the  wood  cement  from  robfing-felt  (for  which  it  is 
much  used)  some  factories  mix  with  it  marl,  chalk,  asphalt-rock 
powder  or  similar  mineral  matters. 

Good  wood  cement*  should  have  a  pasty  and  glistening  appear- 
ance ;  a  matte  color  indicates  free  carbon,  which  may  come  from 
the  use  of  the  less  valuable  pitches,  or  arise  from  too  high  a  tempera- 
ture of  preparation.  Wood  cement  should  not  foam  on  heating, 
or  evolve  much  hydrogen  sulphide;  these  phenomena  are  caused 
by  the  presence  of  water,  or  are  due  to  the  fact  that  the  sulphur  was 
added  at  too  low  a  temperature.  Larger  amounts  of  easily  vola- 
tile components  should  not  be  present;  furthermore  it  is  desirable 
that  wood  cement  be  liquid  at  90°,  so  that  it  may  be  applied  to  the 
materials  in  thin  layers.  Its  adhesiveness  should  be  high;  two 
strips  of  paper  painted  with  it  should  adhere  permanently.  A 
content  of  paraffin  and  paraffin  oil  is  a  disadvantage. 

In  testing  the  wood  cement  chemically,  the  bitumen  is  extracted 
with  chloroform,  the  extract  containing  bitumen,  rosin,  paraffin 
and  combined  sulphur.  The  bitumen  is  separated  from  the  latter 
bodies  by  its  insolubility  in  absolute  alcohol,  the  paraffin  separates 
on  cooling  the  hot  alcoholic  solution  and  the  sulphur  can  be  deter- 
mined by  the  method  of  Graefe  (page  224). 

Mineral  inorganic  bodies,  sulphur  and  carbon,  remain  insoluble 
on  treatment  with  benzol;  the  sulphur  can  be  extracted  with  car- 
bon disulphide;  the  carbon  can  be  determined  by  ignition  of  the 
sulphur  free  residue. 

The  melting  point  (Kraemer-Sarnow  or  Ubbelohde,  pages  189, 
208)  is  of  importance  in  physical  testing.  The  adhesiveness  is 
determined  by  pasting  two  sheets  of  paper  together  and  then 
pulling  these  apart  on  a  machine  similar  to  the  cement  testers, 
the  force  being  measured  in  terms  of  the  weights  applied. 

The  covering  power  is  determined  with  a  small  short-haired  stiff 
brush;  it  should  leave  a  smooth  surface  with  no  streaks. 

*  Friese,  Asphalt-  und  Teerindustrieseitung,  Noe.  23,  24,  25  and  26. 
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B.  Brown-coal  (Lignite)  Tar  and  Products  * 

I.  General 

Petroleum  and  asphalt  are  found  already  formed  in  the  earth; 
brown-coal  (lignite)  tar  and  shale  tar,  asphalt  oil,  etc.,  are  ob- 
tained only  by  destructive  distillation  or  by  distillation  with  super- 
heated steam.  The  crude  tar  from  brown-coal,  shale  and  peat  is 
refined,  as  is  petroleum,  into  illuminating  oil  (solar  oil),  cleaning 
oil,  gas  oil,  and  especially  paraffin  and  its  products;  as  much  as 
40-50  per  cent  of  gps  oil  may  be  obtained  from  brown-coal  tar. 
The  most  valuable  product  of  the  brown-coal  tar  industry  is  the 
paraffin. 

The  destructive  distillation  industry,  in  the  development  of 
which  Grotowsky,  Schwartz,  Riebeck,  Wernecke,  Krey  and  others 
took  part,  was  made  possible  by  the  introduction  of  the  Rolle 
upright  cylinder  for  destructive  distillation  (1858).  One  of  the 
most  important  advances  of  this  industry  was  made  when  Wer- 
necke introduced  the  system  of  firing  the  retorts  with  the  waste 
gases,  thus  saving  an  enormous  amount  of  fuel.  Later  Krey  used 
the  gases  in  explosion  motors  (Eisenlohr  states  that  Wernecke  had 
already  made  experiments  along  these  lines). 

The  trees  of  the  tertiary  period  have  been  considered  as  the 
source  of  the  brown-coal  or  lignite. 

From  several  kinds  of  brown-coal  containing  5-10  per  cent  of 
bitumen,  E.  V.  Boyen  was  able  to  extract  montan  wax  directly  by 
means  of  benzol. 

The  tar  obtained  by  the  destructive  distillation  has  the  appear- 
ance of  vaseline  and  qualitatively  and  quantitatively  is  decidedly 
different  from  the  montan  wax  obtained  by  extraction.  Since 
some  of  the  insoluble  bitumens  are  decomposed  on  distilling,  the 
yield  of  tar  will  be  greater  than  that  of  montan  wax,  but  since  the 
latter  is  obtained  without  any  decomposition,  it  is  more  valuable 
than  the  tar  or  the  paraffin  obtained  from  the  tar  by  redistillation. 

IL  Experimental  Determination  of  the  Yield  of  Tar 

With  Thüringian  lignites,  Scottish  boghead  coal  and  bituminous 
shales,  the  yield  of  tar  and  the  amount  of  coke,  of  water  and  of 
gaseous  products  formed  are  determined. 

*  Scheithauer-Muspratt,  Paraffin  und  Mineralöle;  Graefe,  Laboratoriuma- 
buch  für  die  Braunkohlenteer-Industrie. 
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Lignites  in  the  crude  state  are  more  or  less  plastic  and  at  times 
are  greasy  to  the  touch.  They  are  brownish  black  in  color,  but 
when  dry  may  be  lighter.  Pyropissite  was  one  of  the  best  varieties 
formerly  used  but  this  is  no  longer  available;  the  yield  of  tar  from 
this  ranged  from  64  to  66  per  cent.  Coal  now  considered  suitable 
for  destructive  distillation  gives,  according  to  Scheithauer,  10  per 
cent  of  tar,  52  per  cent  of  water,  32  per  cent  of  coke  and  6  per  cent 
of  gas  and  loss.  In  1905  the  average  yield  of  tar  in  the  Thüringian 
district  was  3.9  kilograms  tar  per  hectoliter.*  If  the  coke  is  in 
demand,  it  may  be  possible  to  distill  coals  yielding  as  little  as  3 
kilograms  of  tar.  The  Scottish  shale  of  Broxburn  yields  12  per 
cent  of  tar,  8  per  cent  of  water,  9  per  cent  of  coke,  4  per  cent  of 
gas  and  67  per  cent  of  ash;  the  shale  of  Messel  near  Darmstadt 
gives  6-10  per  cent  of  tar,  40-45  per  cent  of  water  and  40-50  per 
cent  of  residue. 

Peat,  which  may  be  considered  a  precursor  of  lignite,  gives  2-6 
per  cent  of  tar  (see  page  285).  Bituminous  asphalt  from  Hanover 
yields  29-34  per  cent  of  tar. 

To  determine  the  yield  of  tar  an  extraction  with  a  solvent  does 
not  suffice;  a  dry  distillation  must  be  undertaken  as  described  in 
the  following: 

A  weighed  200  c.c.  retort  (shaped  as  shown  in  Fig.  94),  of  hard  glass,  is 
attached  to  a  receiver  cooled  with  water.    20  to  50  grams  of  powdered  coal  are 

heated  in  the  retort,  at  first  with  a 
small  flame,  later  with  a  large  flame, 
until  no  more  vapors  pass;  this  requires 
from  4  to  6  hours.  The  amount  of 
coke  is  determined  by  reweighing  the 
retort.  The  distillate,  consisting  of 
yellowish  white,  turbid  water  and  tar, 
is  weighed  after  first  melting  down  in 
to  the  receiver  any  tar  condensed  on 
the  neck  of  the  retort.  By  placing  in 
hot  water,  the  tar  is  melted  and  brought 
to  the  surface;  after  cooling,  the  solidi- 
fied tar  layer  is  punctured,  the  water  poured  off  and  the  receiver  weighed  with  the 
air-dried  tar.  The  tar  can  be  more  accurately  determined  by  extraction  with 
benzol  and  by  then  evaporating  the  solvent.  Small  amounts  of  water  are  elimi- 
nated by  adding  small  portions  of  absolute  alcohol  and  then  evaporating.  The 
results  thus  obtained  are  recalculated  on  the  basis  of  55  per  cent  water  of  dis- 
tillation (moisture  in  coal  and  water  formed  by  decomposition);  the  theoreti- 
cal yields,  thus  obtained,  are  still  further  recalculated  commercially  in  that  the 

*  Braunkohle,  1906,  508. 


Fig.  94. 
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commercial  operation  is  supposed  to  give  only  60-70  per  cent  of  the  theoretical. 
The  tar  obtained  in  the  industrial  distillation  contains  fewer  acid  components 
and  the  specific  gravity  is  lower  than  is  the  case  with  the  distillation  products 
obtained  by  the  above  method. 

III.  Bitumen 

The  greater  the  amount  of  bitumen  present  in  a  lignite,  the 
greater  will  be  the  yield  of  tar;  in  some  cases  a  determination  of 
the  amount  of  bitumen  in  the  coal  may  be  necessary  in  estimating 
its  worth.  The  coals  used  in  the  separation  of  montan  wax  are 
graded  according  to  their  content  of  bitumen. 

10  grams  of  powdered  dried  coal  are  extracted  with  benzol  in  the  apparatus 
of  Fig.  16  (page  35).  The  extract  is  evaporated  in  a  weighed  dish  and  heated 
to  105°  in  a  drying  closet  till  all  odor  of  benzol  disappears. 

The  following  table  gives  the  bitumen  content  of  several  coals  *: 


Percent 

Lignite  from  Bohemia 

1.29 
2.07 
5.38 
27.3 
69.5 

Lignite  from  Texas 

Lignite  from  Wladiwostok 

A  verv  good  lignite 

Pyropissite 

IV.  Properties  of  the  Crude  Tar 

(a)  Physical  Properties.  The  brown-coal  tar  has  the  consist- 
ency of  butter  at  room  temperature,  is  yellow  to  dark  brown  in 
color,  has  a  creosote-like  odor  (also  in  part  like  hydrogen  sulphide, 
since  this  often  forms  in  considerable  quantities  during  the  dis- 
tillation). It  becomes  quite  mobile  on  warming  (it  contains  no 
viscous  lubricating  oil  portions)  and  its  solidification  point  lies 
between  15°  and  30°.  The  tar  begins  to  boil  near  80°,  though 
sometimes  not  below  100°.  The  main  quantity  passes  between 
250°  and  350°,  with  some  tars  between  250°  and  300°. 

(6)  Chemical  Composition.  This  must  be  investigated  in  a 
careful  technical  examination,  f    The  crude  tar  contains,  as  its 

*  Graefe,  Laboratoriumsbuch,  27. 

t  Rosenthal,  Z.  f.  angew.  Chem.,  6,  109  (1893);  14,  665  (1901);  16,  221 
(1903);  Chem.  Ztg.,  14,  870.  Oehler,  Z.  f.  angew.  Chem.,  11,  561  (1899). 
Heussler,  Ber.,  25,  1665  (1892).  Krafft.  Ber.,  21,  2256  (1888).  Ihlder,  Z.  f. 
angew.  Chem.,  17,  Heft  16  (1904). 
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principal  components,  saturated  and  unsaturated  hydrocarbons. 
The  former  are  present  in  largest  amount  from  C7Hi6  to  solid 
C27H56.  Since  brown-coal  tar  contains  considerable  amounts  of 
unsaturated  hydrocarbons,  the  brown-coal-tar  oils  (as  well  as  the 
softer  paraffins  obtained  from  it)  have  higher  iodine  absorption 
values  than  the  corresponding  oils  from  crude  petroleum;  the 
shale  oils  and  peat  oils  also  have  higher  iodine  values  than  do  pe- 
troleum products,  and,  consequently,  all  of  these  products  react 
with  cone,  nitric  acid  and  with  sulphuric  acid  with  a  much  greater 
rise  in  temperature  than  do  the  oils  from  petroleum.  There  are 
also  found  small  but  noteworthy  amounts  of  phenols  and  cresols, 
as  well  as  aromatic  hydrocarbons,  such  as  benzol,  and  its  homo- 
logues,  naphthalene  (0.1  to  0.2  per  cent),  chrysene  and  picene. 
Traces  of  aldehydes,  ketones,  pyridine  bases,  quinoline  and  sulphur 
derivatives  are  also  found,  but  not  in  quantities  sufficient  to  pay 
for  their  extraction. 

(c)  Brown-coal-tar  Products.  (Scheithauer.)  The  lignite  tar 
of  the  Thüringian  district  gives  10-15  per  cent  of  paraffin  and 
50-60  per  cent  of  mineral  oils.  The  paraffin  is  graded,  accord- 
ing to  its  melting  point,  as  hard  or  soft  paraffin.  The  melting 
points  lie  between  35°  and  60°  C.  The  following  products  are 
obtained: 

Specifics  gravity  at  17°  C. 

Solar  oil 0.82&-0.830 

Cleaning  oil 0.850-0.860 

Yellow  oü 0.860-0.870 

Red  oil 0.870-0.880 

Gas  oil  (dark  paraffin  oil) 0.880-0.900 

Heavy  paraffin  oil 0.900-0.920 

As  by-products  are  obtained  3-6  per  cent  of  the  following: 
asphalt  products  (lignite  tar  pitch  and  "  goudron  "),  crude  creosote, 
and  creosote  oil. 

V.  Analysis  of  the  Tar 

(a)  Specific  Gravity.  This  varies  according  to  Graef e  *  from 
0.850  to  0.910  at  44°  (with  coal  tar  and  beech-wood  tar  it  is  more 
than  1).  The  specific  gravity  is  determined,  according  to  the 
methods  described  on  page  97,  with  a  pycknometer  or  hydrometer 
at  44°.  The  more  valuable  parts  of  the  tar  (hydrocarbon  oils  and 
paraffin)  lower  the  specific  gravity  while  the  less  valuable  creosote- 

*  Laboratoriumsbuch,  29. 
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like  materials  and  basic  components  raise  the  specific  gravity. 
Very  good  tars  have  a  specific  gravity  of  from  0.820  to  0.830,  the 
poorer  sometimes  higher  than  0.910. 

(6)  Solidification  Point.  This  is  higher  in  proportion  to  the 
amount  of  paraffin  contained. 

The  round  bulb  of  a  thermometer  is  dipped  into  the  melted  tar  heated  to 
60-70°;  after  pulling  out  with  some  of  the  tarrit  is  cooled  with  constant  rotation 
in  an  inclined  Erlenmeyer  flask  to  prevent  air  drafts.  The  temperature  at 
which  the  drop  solidifies  and  begins  to  rotate  with  the  thermometer  is  taken 
as  the  solidifying  point.  This  is  the  so-called  Galician  method.  Tars  contain- 
ing much  paraffin  solidify  at  20-30°  and  higher  (see  also  page  276). 

(c)  Distillation  Test.  This  is  most  important  and  allows  a 
determination  of  the  yield  of  crude  light  oils  and  of  paraffin.  The 
boiling  limits  are  80°  to  400°  (the  main  mass  distilling  between 
250°  and  350°). 

200  grams  of  tar  are  distilled  in  a  retort,  catching  the  first  portions,  up  to  the 
point  where  a  drop  solidifies  on  ice,  as  crude  light  oil;  the  further  distillate,  up 
to  the  point  where  yellowish  red,  resinous  masses  (picene)  begin  to  pass,  is 
known  as  paraffin  masses.  The  red  portion  (containing  picene)  is  caught 
separately.  From  1.5  to  4  per  cent  of  coke  is  found  in  the  residue.  The  dif- 
ference in  weight  between  the  products  obtained,  gives  the  amount  of  gases 
and  loss.  In  exact  investigations  the  fractions  are  caught  at  definite  tempera- 
ture intervals  (up  to  150°,  to  250°,  etc.),  noticing  also  their  behavior 
on  ice. 

According  to  Scheithauer,  from  a  tar  of  the  Thüringian  district 
there  was  obtained  5  per  cent  of  naphtha,  10  per  cent  of  solar  oil, 
10  per  cent  of  light-colored  paraffin  oil,  30-50  per  cent  of  heavy 
paraffin  oil,  10-15  per  cent  of  hard  paraffin,  3-6  per  cent  of  soft 
paraffin,  3-5  per  cent  of  asphaltic  products,  smaller  amounts  of 
creosote  and  20-30  per  cent  of  coke,  gas  and  loss. 

(d)  Detection  of  Lignite  Tar.  This  depends  on  the  presence 
of  the  higher  homologues  of  phenol;  on  treatment  with  diazobenzol 
chloride,  they  give  the  reaction  described  on  page  222. 

VI.  Examination  of  the  Oily  Distillates  from  Shale 

and  Lignite  Tars 

The  oils  (naphtha,  solar  oil,  paraffin  oil,  gas  oil,  etc.),  obtained 
in  the  distillation,  rectification  and  pressing,  are  examined  in  much 
the  same  way  as  are  the  petroleum  products.  (See  page  42  and 
following.) 
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The  following  additional  points  are  to  be  considered  with  gas 
oils: 

(a)  Creosote  Content.  This  should  be  as  low  as  possible  with 
good  gas  oils: 

50  parts  of  the  distillate  are  shaken  *  with  30  parts  of  sodium  hydroxide 
solution  (sp.  gr.  1.35)  and  the  mixture  is  allowed  to  settle  with  gentle  warming; 
after  half  an  hour,  three  layers  will  have  formed,  of  which  the  upper  consists 
of  oil  free  from  creosote,  the  middle  of  the  sodium  salts  of  components  of  the 
creosote  and  the  lower  of  aqueous  alkali.  To  quantitatively  determine  the  creo- 
sote, water  is  added,  so  that  only  two  layers  remain;  after  separating  in  a 
separatory  funnel,  the  aqueous  layer  is  treated  with  hydrochloric  acid.  After 
extracting  three  times  with  ether,  the  ether  solutions  are  combined  and  the 
solvent  is  evaporated.  Too  long  heating  must  be  avoided  since  the  creosote  is 
quite  volatile  even  at  low  temperatures. 

(6)  Sulphur.  The  amount  can  be  determined  with  easily 
combustible  fractions,  according  to  Engler-Hessler  (page  63)  or 
according  to  Hempel-Graefe  (page  224).  See  page  275  for  the 
sulphur  content  of  lignite-tar  oils. 

(c)  Heavy  Hydrocarbons.  These  are  soluble  in  cone,  sul- 
phuric acid  and  are  determined  according  to  page  49.  Eisenlohr 
determines  the  amount  of  these  by  repeatedly  shaking  300  grams 
of  oil  with  10  per  cent  portions  of  cone,  sulphuric  acid  to  the  point 
where  the  oil  no  longer  decreases  in  weight.  Oil  treated  with  sul- 
phuric acid  (according  to  Graefe)  gives  greater  lighting  and  heat- 
ing efficiency  (see  page  64). 

(d)  Distillation  Test  A  gas  oil  is  the  more  valuable  the 
smaller  its  boiling  limits;  it  is  desirable  to  determine  the  limits 
within  which  80  per  cent  of  the  oil  distills.f  The  presence  of 
creosote  and  of  considerable  amounts  of  unsaturated  hydrocar- 
bons, as  well  as  components  boiling  over  300°,  decreases  the 

*  Graefe,  Laboratoriumsbuch,  32. 

t  According  to  Deutsche  Verbandsbeschlusse,  1909.  It  might  be  well  to 
mention  in  this  connection  that  the  (boiling  point)  test  proposed  by  Holde  for 
distinguishing  the  naphtha  used  as  a  turpentine  substitute  from  kerosene  may 
also  be  used  for  the  valuation  of  gas  oils.  The  test  depends  on  the  fact  that 
the  difference  (fr-a)  at  the  beginning  of  boiling  between  the  temperature  of  the 
liquid  (6)  and  the  vapor  (a)  in  the  Engler  flask  is  with  the  turpentine  substitute 
only  5°  to  18°  and  with  illuminating  oils  30°  to  45°;  after  distilling  about  20  c.c.t 
the  difference  for  the  naphtha  is  only  4°  to  15°,  while  for  the  illuminating  oils 
it  is  21°  to  44°.  This  result  is  due  to  the  fact  that  the  naphtha  (turpentine 
substitute)  has  smaller  boiling  limits  than  the  kerosene  which  contains  high- 
boiling  components. 
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gasifying  power  of  these  oils;  the  quantities  of  these  components 
should  be  determined. 

The  sample  is  distilled  in  an  Engler  flask  (page  27),  fifty-degree 
fractions  being  caught.  In  order  to  determine  if  it  would  pay  to 
recover  the  paraffin,  the  amount  of  distillate  solidifying  on  ice  is 
determined. 

(e)  Content  of  Soft  Paraffins.  The  total  amount  of  soft 
paraffins  present  *  is  of  importance  in  the  valuation  of  gas  oils. 
According  to  the  experiments  of  Eisenlohr  (carried  out  in  the 
apparatus  of  Wernecke,  page  77),  the  higher  the  content  of  soft 
paraffins,  the  more  valuable  the  oil  for  the  manufacture  of  gas. 
The  method  of  determination  given  by  Eisenlohr  requires  further 
study  however. 

Besides  the  method  described  on  page  37,  the  method  of  Zaloziecki  (ac- 
cording to  Scheithauer)  has  been  found  practicable.  Five  grams  of  the  oil 
are  dissolved  in  ten  times  this  amount  of  amyl  alcohol  and  the  paraffin  is  pre- 
cipitated with  an  equal  amount  of  nearly  absolute  alcohol  at  0°,  the  precipitate 
being  filtered  at  this  temperature. 

(/)  Flash  Point.  This  is  sometimes  used  as  a  means  of  identi- 
fication and  it  may  be  used  to  determine  its  inflammability.  (See 
lubricating  oils.) 

(g)  The  determination  of  the  value  of  the  oil  for  gasifying  has 
already  been  considered  on  page  74  and  following. 

The  Scottish  shale  oils  give  a  larger  yield  of  gas  than  those  of 
French  origin,  the  former  giving  54-58,  the  latter  43-44  cubic  meters 
of  gas  per  100  kilograms  of  oil ;  the  oils  from  Messel  yield  57-58  cubic 
meters  of  gas  of  10.5  (Hefner)  candle  power,  35  kilograms  of  tar 
and  4.6  kilograms  of  coke.  These  values  are  of  importance  in 
comparing  oils  only  when  the  tests  have  been  made  with  the  same 
type  of  apparatus  and  with  a  similar  method  of  operation. 

(h)  Color,  Lighting  Value  and  Resistance  to  Low  Tempera- 
tures are  sometimes  determined  (pages  52  and  following).  The 
color  has  nothing  to  do  with  the  ability  of  an  oil  to  gasify.f 

Cleaning  oils  from  lignite  tar  (light  paraffin  oils)  sometimes  cause 
trouble  because  the  creosote-like  bodies  attack  the  hands  of  the 
laborers  using  them  (see  page  41).  The  oils  should  therefore  be 
tested  to  see  if  they  are  free  from  such  bodies  (see  page  272) ;  they 
should  not  react  with  sodium  hydroxide. 

*  Eisenlohr,  Zeit.  f.  angew.  Chem.,  10,  300,  332  (1897);  11,  549  (1898). 
t  Deutsche  Verbandsbeschlüsse,  1909. 
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VII.  Distinguishing  between  Crude  Petroleum  and 

Lignite-tar  Distillates 

Nearly  all  lignite-tar  distillates  give  with  the  alkaline  extract  of 
the  oils  the  diazo-reaction  described  on  page  222;  a  red  color  (or 
precipitate)  will  appear  with  lignite  oils,  but  with  petroleum 
products  a  yellow  to  brown  color  will  be  observed. 

1.  The  brown-coal  tar  oils  are  often  recognized  by  their  odor. 

2.  The  specific  gravities  of  the  brown-coal  tar  oils  from  Messel, 
as  well  as  the  Scottish  shale  oils,  are  so  high  that  considerable 
additions  of  other  substances  can  be  detected. 

3.  Test  for  Creosote. 

5  c.c.  of  the  oil  are  shaken  thoroughly  in  a  measuring  cylinder  with  30  c.c.  of 
sodium  hydroxide  solution  (sp.  gr.  1.35)  and  then  left  10  minutes  in  a  boiling 
water  bath.  If  a  dark  ring  forms  between  the  two  layers,  creosote  is  present 
and  the  presence  of  lignite  or  shale-oil  products  may  be  suspected.  If  the  oil 
to  be  tested  is  too  thick,  it  is  first  diluted  with  kerosene  free  from  creosote. 

4.  Iodine  Value.  The  brown-coal  tar  products  contain  con- 
siderable amounts  of  unsaturated  compounds  and  therefore  have  a 
high  iodine  value. 

In  the  tables  are  given  the  properties  of  various  lignite  tar  prod- 
ucts and  also  of  some  petroleum  products. 


TABLE  59 
Properties  of  Lignite-tab  Oils* 


Naphtha 

Solar  oU 

Cleaning  oil ) 

Yellovroil I 

Rod  oil ) 

Gas  oil f 

Heavy  paraffin  oU 


Specific 
gravity 
XIOOO 

Begin- 
ning of 
boiling 

•c 

Per  cent  distilled  at 

Vis. 
cosity 

(Eng- 
ler) 

Peosky 
flash 
point 

•c 

150° 

200* 

250* 

300° 

800-820 
820-835 

845-870 

875-900 
900-930 

136 
138 
180 
204 
207 
201 
228 

7 
4 

■  •  •  • 

•  *  *  ♦ 

•  k  «  a 

•  •   •   • 

•  •  •  ■ 

94 

84 

4 

«  ■  ■  • 

•  •  •  • 

•  «  •  • 

•  •  ■  • 

100 
100 
95 
88 
34 
30 
2 

•  •  .  • 

•  *  *  • 

100 
96 
81 
78 
16 

0.98 

1.00 

1.1 

1.21 

1.25 

1.4 

8.45 

29 
35 
66 
82 
85 
86 
103 

Index 

of 
refrac- 
tion at 
17.5* C 


1.460 
1.469 
1.485 
1.490 
1.497 
1.506 
1513 


*  Graefe,  Laboratoriumsbuch. 
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TABLE  60 
Iodine  Values  of  Lignite-tar  and  Petroleum  Products 


HUM 

Wijs 

Solar  oil 

77.0 
63.0 
52.0 
0.0 
16.8 
0.73 
2.18 
0.05 

85.0 

Gas  oil 

69.0 

Paraffin  oil 

60.0 

Russian  kerosene 

0.8 

American  kerosene 

19.1 

German  kerosene 

3.0 

Galician  kerosene 

4.0 

Ligroin 

0.2 

5.   Sulphur.     Normal   refined   mineral   oil   products   contain 

not  more  than  0.03  per  cent  of  sulphur;  in  the  products  obtained 

from  brown-coal  tar  the  sulphur  content  may  run  as  high  as  2  per 

cent.    For  a  determination  of  the  sulphur  content  see  pages  40, 

62,  172. 

TABLE  61 

Sulphur  Content  op  Lignite  and  Petroleum  Products  * 


Per  cent 

Lignite-tar  products: 
Solar  oil 

0.83 
0.78 
0.76 
0.86 
1.36 
0.99 
0.73 
0.97 
1.65 
1.15 

0.025 

0.74 

1.24 
0.35 

Cleaning  oil 

Red  oil 

Gas  oil 

Paraffin  oil 

Naphtha 

Goudron 

Asphalt 

Creosote  oil 

Pyridine  bases  (boiling    up    to 
200°) 

Petroleum  products: 
Coke  from  Wietze  petroleum  . . . 
Coke  from  Pecheloronn  petro- 
leum   

Gas  oil  from  Wietze  petroleum  . . 

VIII.  Paraffin  from  Lignite  Tar 

(a)  Determination  of  Paraffin.     For  an  approximate  deter- 
mination, the  crude  paraffin  mass  is  cooled  to  2°  C.  and  is  pressed 

*  Graefe,  Laboratoriumsbuch,  129. 
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between  filter  paper  and  linen.    The  melting  point  of  the  pressed 
and  weighed  paraffin  is  determined. 

It  can  be  more  exactly  determined  by  the  method  described  on 
page  37.  Paraffin  scales  which  do  not  contain  more  than  14  per 
cent  of  oil,  can  be  tested,  according  to  Eisenlohr,  for  their  paraffin 
content  as  follows: 

0.5  gram  of  substance  is  dissolved  in  100  c.c.  of  absolute  alcohol  and  after 
adding  25  c.c.  of  water,  the  mass  is  cooled  to  —18°  to  —20°.  The  paraffin  is 
then  filtered  in  the  apparatus  described  on  page  37,  using  suction,  and  is  washed 
with  alcohol  (cooled  to  —  18°)  till  the  filtrate  on  the  addition  of  water  re- 
mains clear.  The  paraffin  is  dried  to  constant  weight  in  a  vacuum  desiccator 
at  35-40°. 

The  method  of  Zaloziecki  (see  above)  has  also  been  found  useful 
for  the  determination  of  paraffin  in  scales,  if  these  are  dissolved  in 
15-20  volumes  of  a  mixture  of  amyl  and  ethyl  alcohols. 

Other  tests  for  paraffin  are  described  on  page  201. 

(6)  The  Melting  and  Solidification  Point  of  Paraffin  is  one  of 
the  best  criteria  for  the  technical  valuation  of  the  materials,  since 
the  higher  melting  paraffins  are  the  most  valuable.  In  the  deter- 
mination of  the  solidification  point  of  paraffin,  it  must  be  remem- 
bered that  in  crystallization,  a  fractionation  takes  place;  the 
middle  of  the  slab  has  the  highest  melting  point,  the  edges  melting 
at  a  lower  temperature.  Breth  *  has  shown  that  differences  of 
0.7  degree  may  exist.  For  results  which  cannot  be  criticized,  it  is 
necessary  to  melt  up  an  entire  slab  of  paraffin  and  then  take  from 
the  well-mixed,  melted  mass  an  average  sample. 

1.  The  melting  point  determination  in  a  capillary  (see  page  316) 
is  preferred  in  some  factories  because  it  shows  not  only  the  end 
but  also  the  beginning  of  melting;  with  a  good  paraffin,  these 
values  ought  not  to  differ  more  than  2°. 

2.  The  Halle  Method.  Used  for  customs  examinations  of 
paraffin  materials;  it  is  impracticable  and  difficult.  The  tempera- 
ture is  determined  at  which  a  film  of  solid  forms  over  a  melted 
drop  of  paraffin  floating  on  water. 

A  beaker  f  contains  water  warmed  to  70°;  a  piece  of  paraffin  is  melted  on  the 
surface  so  that  a  drop  less  than  6  mm.  in  diameter  forms.  A  thermometer  is 
inserted.  The  solidification  point  is  the  temperature  at  which  a  film  forms 
over  the  surface  of  the  paraffin. 

*  Petrol.,  7, 106  (1911). 

t  As  recommended  by  the  Verein  für  Mineralölindustrie  in  Halle  a.d.S. 
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3.  The  Shukoff  Apparatus  *  (Fig.  95)  has  recently  been  much 
used  for  the  determination  of  the  solidification  point.  (The 
apparatus  is  a  convenient  modification  of  that  of  Dalikan  and  Fin- 
kener  used  for  the  solidification  point  of  fats.) 
The  temperature  at  which,  during  the  cool- 
ing, the  thread  of  the  thermometer  remains 
stationary  for  some  time,  or,  that  highest 
temperature  to  which  the  thread  rises  with- 
out external  heat,  after  remaining  for  some 
time  at  one  point,  is  taken  as  the  solidification 
point.  If  the  paraffin  masses  under  exami- 
nation are  free  from  considerable  amounts 
of  stearic  acid,  the  thread  will  remain  con- 
stant at  one  point  for  a  time,  but  will  not 
rise. 

30-40  grams  of  the  candle  material  are  melted  in 
the  vessel  a.  As  soon  as  the  temperature  has  fallen 
to  within  5°  of  the  solidification  point  the  apparatus  is 
shaken  strongly  and  regularly  till  the  contents  have 
become  turbid  and  opaque.  Then,  without  shaking, 
the  temperature  is  recorded  every  half  minute.  As 
stated  above,  the  point  at  which  the  thread  remains 
for  some  time,  or  to  which  it  rises,  is  taken  as  the 
solidification  temperature. 


Fig.  95. 


4.  Determination  of  the  Solidification  Point  by  Means  of  a 
Rotating  Thermometer  (Galician  Method).  This  is  customary 
in  the  Thtiringian  district  according  to  Graefe;  the  method  has 
been  described  on  page  271.  Results  should  agree,  on  repetition, 
to  within  0.5°. 

Check  results  with  the  Shukoff  method  agree  within  a  few  tenths 
of  a  degree — much  better  than  is  possible  with  the  Halle  method. 
The  Galician  method  gives  values  0.5  to  1  degree  higher  than  those 
obtained  by  the  Shukoff  apparatus.  With  the  better  grades  of 
paraffin  candles  the  beginning  and  end  of  melting  in  a  capillary 
tube  differs  at  most  4  degrees  (beginning  at  50°  and  ending  at 
53-55°);  the  poorer  qualities  begin  to  melt  at  47-48°. 

Graefe  has  shown  that  with  mixtures  of  montan  wax  or  hard 
paraffin  with  less  valuable  soft  paraffin,  the  material  can  be  prop- 
erly characterized  only  by  means  of  a  method  such  as  the  Shukoff, 
which  includes  an  observation  of  the  heat  of  solidification. 

*  Chem.  Ztg.,  25,  Nr.  95  (1901). 
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Recently  anilides  of  the  higher  fatty  acids  have  been  used  to 
raise  the  melting  point  of  candle  material;  these  also  raise  the 
apparent  solidification  point  because  they  appear  to  crystallize  at 
temperatures  at  which  the  paraffin  is  still  entirely  melted. 

5.  The  Determination  of  the  Dropping  Point  is  best  carried 
out  in  the  apparatus  of  Ubbelohde  (see  page  189). 

(c)  The  Contraction  of  Melted  Paraffin  on  Solidification41 
may  be  11-15  per  cent,  and  with  high-melting  paraffins  may  be 
still  greater. 

(d)  Colophony.  This  is  determined,  as  in  the  case  of  ceresine, 
by  extraction  with  70  per  cent  alcohol  (see  page  247). 

(e)  Other  Additions  and  Impurities  are  determined  as  de- 
scribed under  mineral  lubricating  oils. 

The  following  additional  tests  are  to  be  applied  to  finish  paraffin 
candles. 

(J)  Content  of  Soft  and  Hard  Paraffin  is  to  be  determined 
according  to  page  201. 

(g)  Distinguishing  between  Lignitic  Paraffin  and  Petroleum 
Paraffin.  Since  paraffin  from  lignite  is  considered  more  valuable 
than  petroleum  paraffin  (see  page  282),  it  is  of  importance  to  de- 
termine the  source  of  the  paraffin  material.  Graefe  tests  pure 
products  by  placing  2  c.c.  of  melted  paraffin  on  the  same  volume 
of  concentrated  sulphuric  acid  and  allowing  to  stand  on  a  water 
bath,  without  shaking.  Petroleum  paraffin  remains  clear,  or 
colors  the  acid,  which  however  remains  clear;  with  lignitic  paraf- 
fins, a  yellow  or  brown  color  will  appear  and  the  acid  will  become 
turbid.  Another  difference  is  found,  according  to  Graefe  and  Krey, 
in  the  iodine  values,  which  for  the  petroleum  paraffins  range  from 
0.4  to  1.9,  with  the  paraffins  from  lignite  or  shale  from  3.3  to  5.8. 

Both  fail,  however,  with  crude  and  partially  purified  products. 
In  such  a  case  the  method  of  Marcusson  and  Meyerheim  f  is  avail- 
able; it  depends  on  the  determination  of  the  iodine  value  of  the 
oil,  always  present  in  paraffin: 

100  grams  of  paraffin  are  dissolved  in  300  c.c.  of  warm  ethyl  ether  (it  might 
be  better  to  use  the  less  inflammable  chloroform)  and  the  same  volume  of  96 
per  cent  alcohol  added.  If  much  oil  is  present  in  the  paraffin,  50  grams  of 
material  may  be  enough.  The  paraffin,  which  separates  on  cooling,  is  collected 
on  a  Büchner  filter,  the  filtrate  is  freed  from  the  solvent  by  distillation,  the 

*  Graefe,  Chem.  Rev.,  17,  3  (1910). 
t  Zeit.  f.  angew.  Chem.,  88,  1057  (1910). 
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residue  is  dissolved  in  50  c.c.  of  ether,  and  again  precipitated  with  50  c.c.  of  96 
per  cent  alcohol.  The  precipitation  is  brought  about  by  cooling  to  —20°  (see 
method  of  Holde  on  page  37).  The  alcohol-ether  solution,  when  separated 
from  the  precipitate,  gives  the  oily  residues  on  distillation  of  the  solvent;  this 
residue  may  in  certain  cases  be  still  contaminated  with  black  resinous  bodies. 
To  separate  these  the  mass  is  dissolved  in  naphtha  and  filtered  and  the  fil- 
trate is  evaporated.  The  iodine  value  of  the  residue  is  then  determined  (see 
page  351)  by  the  Hübl-Waller  method. 

According  to  this  method,  the  iodine  value  of  petroleum  paraffin 
residue  is  found  to  be  3  to  12,  that  of  the  oils  from  lignite  or  shale 
oil  paraffin,  18  to  31.  These  differences  are  also  to  be  found  with 
refined  products. 

IX.  Paraffin  Candles  and  Composition  Candles 

(a)  Definition.  All  paraffin  candles  contain  small  amounts 
of  "  stearine  "  (1-2  per  cent),  since  this  makes  the  removal  from  the 
moulds  easier.  Composition  candles  contain  varying  amounts  of 
paraffin  and  considerable  stearine  (as  a  rule  one-third).  The  can- 
dles lose  their  transparency  through  the  addition  of  much  stearine 
and  approach,  in  appearance,  the  more  valuable  stearine  candles; 
the  amount  of  stearine  is  so  regulated  that  the  price  of  manufacture 
does  not  get  too  high,  yet  enough  is  added  to  cause  the  transparency 
of  the  paraffin  to  disappear.  According  to  Krey,  the  amount  of 
stearine  in  the  top  and  bottom  of  a  candle  may  differ  by  as  much  as 
2  or  3  per  cent;  this  is  caused  *  by  the  unequal  temperatures  of  the 
cooling  water  about  the  forms  after  filling  the  moulds. 

The  highest  melting  paraffin  is  not  used  in  making  composition 
candles — generally  a  grade  melting  at  50°  is  used;  an  addition  of 
paraffin  with  a  melting  point  under  49°  is  generally  considered  as 
an  adulteration.  The  melting  points  of  mixtures  of  paraffin  and 
stearine  are  lower  than  the  mean  melting  points  calculated  by  the 
law  of  mixtures;  the  depression  of  the  freezing  point  follows  the 
law  of  Raoult.    The  melting  point  f  of  a  paraffin  mixture  can  be 

calculated  by  means  of  the  expression  ,  V      \  where/ 

and  /'  are  the  melting  points  of  the  separate  components  and  a 
and  b  the  amounts  used. 

(6)  Alcohol  Candles.  In  the  past  and  again  recently,  paraffin 
candles  to  which  the  external  appearance  of  white  stearine  candles 

*  Graefe,  Braunkohle,  3,  109. 
t  Graefe,  Laboratoriumsbuch,  87. 
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has  been  imparted  by  the  addition  of  alcohol  to  the  paraffin, 
together  with  decidedly  less  Stearine  than  is  ordinarily  found  in 
composition  candles,  have  been  found  on  the  market.  The  candles 
gradually  become  more  and  more  transparent  through  the  evapo- 
ration of  the  alcohol,  and  rapidly  during  burning. 

To  determine  the  amount  of  volatile  additions,  5-10  grams  of  material  are 
melted  *  in  a  weighed  vessel  and  then  a  slow  current  of  air  is  blown  through 
the  melted  mass  for  5  minutes.  The  difference  in  weight  gives  the  amount  of 
volatile  matter. 

(c)  Examination.  It  can  often  be  determined  by  mere  in- 
spection whether  a  candle  is  made  of  pure  paraffin  or  of  a  mixture 
of  materials;  t  paraffin  candles  are  more  translucent;  composition 
candles  are  milky  and  opaque.  Since  the  composition  at  the  top 
and  bottom  may  be  different,  a  whole  candle  is  melted  for  the 
analysis,  the  wick  being  removed,  and  samples  are  taken  from  the 
well-mixed  melted  mass. 

1.  Stearic  Acid  Content  10  grains  of  material  are  warmed  with  50  c.c.  of 
50  per  cent  alcohol  till  melted,  and  then  titrated  with  N/10  potash  in  the 
presence  of  Phenolphthalein  (KOH  is  better  than  NaOH  since  the  potassium 
soaps  do  not  solidify  as  easily  as  the  sodium  soaps).  The  titrated  solution  is 
allowed  to  cool,  the  cake  of  paraffin  is  removed,  washed  with  water,  melted 
with  hot  water  and  then  again  cooled,  then  dried  and  weighed.  The  wash 
water  and  the  soap  solution  are  diluted  to  200  o.e.  and  then  just  acidified  with 
hydrochloric  acid;  the  separated  stearic  acid  is  filtered,  washed  free  from  min- 
eral acid,  melted  in  the  presence  of  water,  cooled  and  the  cake,  on  drying, 
weighed.    The  volumetric  and  gravimetric  values  will  differ  only  slightly. 

The  melting  points  of  the  separated  paraffin  and  stearic  acid  are 
determined  and  these  values  will  in  general  be  found  higher  than 
the  melting  point  of  the  candle  itself. 

The  amount  of  oleic  or  iso-oleic  acid  (iodine  number  90.1)  in 
Stearine  can  be  determined  through  a  determination  of  the  iodine 
value;  an  iodine  value  of  4.5  would  correspond  to  a  content  of  5 
per  cent  of  oleic  acid  or  of  iso-oleic  acid. 

The  paraffins  can  be  examined  as  to  their  source  (petroleum  or 
lignite)  by  the  method  on  page  278. 

2.  Soft  Paraffin.  The  amount  of  this  in  the  paraffin  separated 
by  the  previous  procedure  is  determined  according  to  the  method 
on  page  201. 

*  Graefe,  Laboratoriumsbueh,  110. 

t  Graefe,  Seifensiedeneitung,  1909,  1279,  1332. 
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3.  In  the  photometric  examination  of  the  candles  one  must 
determine  if  they  smoke,  melt  too  rapidly  or  develop  a  bad  odor 
when  extinguished.  It  has  been  shown  by  exact  photometric 
examination,  as  described  under  kerosene,  that  pure  paraffin 
candles,  for  the  same  amount  of  material  consumed,  give  more 
light  than  do  the  composition  candles. 

4.  Tests  for  Acid  Amides,  Montan  Wax  and  Carnauba  Wax. 
To  give  soft  candles  greater  stability,  the  anilide  of  stearic  acid 
and  similar  acid  amides  (patent  of  C.  Liebreich),  montan  wax 
and  carnauba  wax  are  added. 

The  first-mentioned  nitrogen  compounds  give  the  prussian  blue  test  on 
melting  the  candle  material  with  sodium  and  on  treatment  of  the  dissolved 
product  with  ferrous  sulphate  and  ferric  chloride. 

The  added  substances  can  be  concentrated  by  heating  the  mass  5-10  degrees 
above  the  apparent  melting  point,  pressing  in  cloth  with  heated  plates  and 
treating  the  residue  with  cold  benzol,  in  which  only  paraffin  dissolves  easily, 
while  stearic  anilide,  montan  wax  and  carnauba  wax  dissolve  with  difficulty. 
The  latter  can  be  identified  by  their  saponification  and  acid  values.*  Some  of 
Graefe's  results  are  given  in  Table  62. 

TABLE  62 


Sample 


Acid  value 

Saponification  value. . . 
Ester  value 


Montan  wax 


101.6 
101.6 


II 


71.0 

73.8 

2.8 


III 


42.4 
62.0 
19.6 


Carnauba  wax 


13.78 
75.38 
61.60 


II 


10.60 
80.60 
70.00 


(d)  Bending  Test.  This  shows  the  tendency  of  the  candles 
to  bend,  owing  to  the  presence  of  soft  paraffins. 

Candles  22  cm.  long,  16  mm.  in  diameter  at  the  top  and  18  mm.  at  the  bot- 
tom are  fixed  in  round  holes  bored  in  a  horizontal  board.  The  free  part  is  21 
cm.  long.  After  standing  1  hour  at  22°  (Graefe  advises  25°)  the  bend  is  meas- 
ured in  millimeters  (best  with  a  cathetometer);  the  greater  the  bend,  the  less 
valuable  the  candle.  In  examining  other  shapes  of  candles,  the  material  must 
first  be  changed  to  the  above  form.  The  candle  material  is  warmed  somewhat 
above  the  solidification  point,  poured  into  the  warm  mould  and  cooled  by 
water  at  room  temperature.  The  tests  should  be  made  only  with  candles 
which  have  been  at  least  6  hours  out  of  the  moulds  and  at  least  3  hours  in  the 
room  in  which  the  test  is  to  be  made. 


Graefe,  Laboratoriumsbuch,  88. 
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Fig.  96  shows  the  candles  after  testing.  No.  1  was  made  from 
lignitic  paraffin  of  melting  point  53°.  No.  2  contained  lignitic 
paraffin  of  melting  point  50.5°.  No.  3  contained  petroleum  par- 
affin of  melting  point  50.7°,  while  No.  4  was  a  mixture  of  paraffin 
melting  at  35.3  and  at  60.6°.  From  the  figure  may  be  seen  the 
influence  of  soft  paraffin  on  the  stability  of  the  candles,  as  well  as 


Fio.  96. 

the  superiority  of  the  lignitic  paraffin  over  the  petroleum  paraffin. 
Graefe  states  that  it  has  been  repeatedly  shown  that  candles  made 
from  the  lignitic  material  are  more  stable  than  those  from  the 
petroleum  paraffin  of  the  same  melting  point. 


C.  Distillation  Products  of  Bituminous  Shale 

I.   Shale  Oil 

The  shale  now  distilled  in  Scotland  yields  only  8-14  per  cent  of 
crude  shale  oil  instead  of  the  35  per  cent  formerly  obtained  from 
boghead  coal ;  the  bituminous  shale  of  Messel  yields  6-10  per  cent. 
These  materials  can  be  experimentally  distilled  as  described  on 
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Naphtha 

Oil  distillate 

Crude  paraffin 

Coke,  gas  and  loss 


Scottish  shale 

oil, 

percent 


4 
48 
12 
35 


Messe]  shale 

oil, 

percent 


4 
60-55 
12-15 
33 


In  practice  the  vertical  continuous  retort  of  Henderson  and 
Young-Beilby  is  used,  sometimes  with  the  additional  application 
of  superheated  steam.  The  resulting  gases,  together  with  the 
exhausted  and  less  valuable  shale,  may  be  burned  under  the  retorts; 
the  gases  may  also  be  used  in  illuminating  the  plants  or  in  ex- 
plosion motors;  the  water  distilled  contains  about  0.6  per  cent  of 
ammonia  and  is,  therefore,  worked  up  into  ammonium  sulphate. 
From  the  Messel  shale  there  is  also  obtained  some  pyrocatechin. 

Bituminous  shale  (albertite)  has  been  discovered  in  New  Bruns- 
wick and  in  Nova  Scotia  and  is  treated  by  the  methods  used  in 
Scotland.  , 

The  crude  shale  oil  (sp.  gr.  0.850-0.900,  melting  point  varying) 
is  distilled  in  retorts  much  like  those  used  for  lignite  tar;  it  is  dis- 
tilled without  previous  purification — at  Messel  exclusively  in  a 
vacuum.  The  use  of  superheated  steam  in  the  distillation  has  no 
bad  results.  The  oil  distillates  are  about  the  same  as  those  ob- 
tained in  the  distillation  of  lignite  tar  and  are  similarly  tested. 
The  paraffin  is  crystallized  at  Messel  with  constant  stirring;  arti- 
ficial refrigeration  is  used  in  causing  the  crystallization  of  the 
materials. 

II.  Ichthyol 

(a)  Definition.  By  the  term  ichthyol  is  understood  in  general 
a  water-soluble  oil  which  is  obtained  by  the  distillation  of  bitu- 
minous shales  (from  Seefeld,  Tyrol)  and  subsequent  sulphonation 
and  neutralization  with  ammonia  or  soda;  it  comes  on  the  market 
under  the  name  ammonium  sulfoichthyolicum,  etc.,  and  up  to  1900 
was  exclusively  prepared  by  the  Hamburg  firm  of  Cordes,  Her- 
manni  &  Co.*  In  the  last  few  years,  several  substitutes  have 
entered  into  competition  with  this  under  the  names  of  ichthyopon, 

*  Lüdy,  Chem.  Ztg.,  27,  984  (1903). 
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etc.  The  ichthyol  is  used  for  its  supposed  therapeutic  value  in 
the  case  of  rheumatism,  eczema,  inflammations,  etc. 

By  the  distillation  of  small  pieces  *  of  bituminous  rock  in  a 
vacuum,  and  with  the  application  of  superheated  steam,  a  thick 
brown  oil  with  a  faint  odor,  containing  sulphur,  of  specific  gravity 

1.0  and  viscosity  17.7  is  obtained;  this  is  easily  sulphonated  and 
is  supposed  to  have  greater  therapeutic  value. 

(6)  Properties  of  the  Crude  Oil.  The  oil  used  to  prepare 
ichthyol  is  transparent,  brownish  yellow,  of  specific  gravity  0.865 
and  boiling  limits  100°  and  255°.  The  different  fractions  have  the 
odor  of  mercaptans  and  yet  a  petroleum  odor.  Small  amounts  of 
nitrogenous  bases  are  separated  by  the  action  of  dilute  acids;  they 
have  the  odor  of  DippeFs  oil.  The  vapors  color  concentrated 
sulphuric  acid,  violet  to  blue. 

Elementary  analyses  gave  the  amount  of  carbon  as  ranging  from 
77.25  to  77.94;  hydrogen  10.5  per  cent,  sulphur  10.7  and  nitrogen 

1.1  per  cent.f  According  to  Schroeter  X  the  crude  oil  contains 
2.5  per  cent  of  sulphur.  This  becomes  10  per  cent  through  sul- 
phonation.  It  appears,  therefore,  that  Baumann  and  Schotten 
(on  whose  tests  the  following  rests)  had  under  examination  a  prod- 
uct entirely  different  from  that  tested  by  Schroeter. 

(c)  Properties  of  Ichthyol.  It  is  soluble  in  water  with  a 
brown  color  and  with  fluorescence.  Stronger  acids  precipitate 
from  the  solution  a  resin  which  is  a  nitrogen-free  organic  acid, 
soluble  in  water,  from  which  solution  it  is  again  precipitated  by 
mineral  acids.  (Noteworthy  is  the  similarity  between  turkey- 
red  oil  and  ichthyol,  see  page  408.)  Ichthyol  is  free  from  nitrogen 
according  to  Baumann  and  Schotten;  these  authors  tested  only 
the  sodium  salt  as  they  gave  the  formula  CsgHuNasSsO«  to  the 
product  which  they  examined.  They  found  15.73  per  cent  of 
sulphur;  it  appeared  to  be  present  in  part  as  a  sulpho-group  and 
in  part  as  mercaptan  sulphur  or  as  a  thio-ether  with  sulphur  di- 
rectly united  with  carbon.  Since  the  sulphonic  acids  as  such  have 
no  action  on  the  animal  organism,  the  therapeutic  value  is  prob- 
ably due  to  that  part  of  the  sulphur  directly  united  to  carbon, 
while  the  sulpho-group  only  determines  the  easy  solubility  in 
water  and  consequent  easy  absorption. 

*  N.  Zwingauer,  D.  R.  P.  216,906;  Chem.  Ztg.  Rep.,  84,  26  (1910). 
t  Baumann  and  Schotten,  Pharm.  Zentralh.,  1888,  447. 
t  Ibid.,  1888,  113. 
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(d)  Testing.  According  to  the  committee  of  the  German 
Pharmacologists  of  1886,  ichthyol  should  be  easily  soluble  in  water 
or  in  a  mixture  of  equal  parts  of  ethyl  alcohol  and  ether.  Accord- 
ing to  Lüdy  (see  above)  it  may  contain  ammonium  sulphate  and 
traces  of  oil. 

D.  Peat  Tar 

I.  General 

The  wide  distribution  of  peat  in  bogs  has  been  the  cause  of 
countless  patents  hoping  to  utilize  these  deposits.  The  economical 
removal  of  the  contained  moisture  (independent  of  the  weather) 
is  one  of  the  greatest  problems  connected  with  this  question;  the 
moisture  may  make  up  90  per  cent  of  the  total.  One  of  the  most 
advantageous  methods  is  to  distill  destructively  the  peat,  using 
the  products  of  combustion  to  preheat  the  material.  The  peat 
coming  from  the  presses,  after  drying,  may  be  transported  un- 
changed or  may  be  left  in  piles  exposed  to  the  air.  Most  of  the 
patents  up  to  a  few  years  ago  were  too  complicated  and  did  not 
cause  a  sufficient  decrease  in  the  volume  of  the  peat.  Newer  pro- 
posals, especially  those  of  W.  Wieland  *  of  Oldenburg,  by  making 
use  of  a  dredging  machine  are  said  to  overcome  the  difficulties  of 
air  drying  and  the  utilization  of  the  peat. 

In  the  distillation,  the  peat  is  either  entirely  coked  (the  coke  is 
used  in  metallurgy)  or  half-coked,  the  product  being  then  a  good 
fuel.  The  products  of  distillation  are  2  to  4  per  cent  of  tar,  36  to 
40  per  cent  of  aqueous  distillate  and  12  to  21  per  cent  of  gases. 

The  peat  tar  resembles  lignite  tar  and  is  refined  into  small 
amounts  of  photogen,  solar  oil,  gas  oil,  paraffin  and  the  accompany- 
ing creosote.    It  is  as  yet  a  relatively  unimportant  industry. 

II.  Analysis 

(a)  To  Distill  Experimentally  in  the  Laboratory,  an  average  sample  of  5 
kilograms  is  distilled  from  an  iron  retort.  The  ash  content  should  not  be 
greater  than  8  per  cent.  Seventy  per  cent  of  the  tar  obtained  is  taken  as 
the  yield  in  the  industry.  The  peat  to  be  distilled  still  contains  20-30  per  cent 
of  water. 

Corresponding  to  the  position  of  peat  intermediate  between 
wood  and  coal,  the  aqueous  distillate  will  contain  ammonia, 
methyl  alcohol  and  acetic  acid. 

*  Chem.  Ztg.,  86,  1305  (1912). 
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(6)  Analysis  of  the  Aqueous  Distillate.  Ammonia  is  determined  by  dis- 
tillation with  sodium  hydroxide  and  collecting  the  ammonia  in  N/2  sulphuric 
acid;  it  is  calculated  as  ammonium  sulphate  (1  c.c.  of  N/2  acid  is  equivalent 
to  0.033  gram  of  ammonium  sulphate).  After  separating  the  ammonia,  the 
acetic  acid  is  determined  by  distilling  with  steam,  after  acidißcation  with 
phosphoric  acid,  and  is  then  titrated  with  N/\  sodium  hydroxide  (1  c.c.  of 
sodium  hydroxide  is  equivalent  to  0.079  gram  of  calcium  acetate).  The 
methyl  alcohol  is  determined,  after  repeated  rectification  in  a  column  appara- 
tus and  treatment  with  red  phosphorus  and  iodine,  as  methyl  iodide.  This 
distills  and  is  caught  under  water  and  its  volume  determined  in  a  graduated 
cylinder.  If  5  c.c.  of  alcohol  are  used,  the  number  of  cubic  centimeters  of 
methyl  iodide  multiplied  by  12.48  gives  the  volume  per  cent  of  methyl  alcohol.* 

The  chemical  composition  of  crude  shale  oil  and  of  the  products 
of  the  destructive  distillation  of  peat  is  very  similar  to  that  of 
lignite  tar  qualitatively;  the  quantitative  relations  are  not  the 
same.  From  peat  tar  are  obtained  on  the  average  10-20  per  cent 
of  turf  or  solar  oil,  10-20  of  middle  oil,  1-4  per  cent  of  paraffin, 
30-40  of  creosote,  and  20-30  per  cent  of  coke  and  loss. 

E.  Wood  Tar  and  Pine  Tar 

The  properties  of  these  tars  were  sufficiently  described  on  page 
219  in  so  far  as  they  are  of  importance  in  this  connection. 

*  Klar,  Holzverkohlung,  1904,  223. 


CHAPTER  V 

SAPONIFIABLE  FATS 
VEGETABLE  AND  ANIMAL  FATS  AND  OILS 

I.  General 

Vegetable  and  animal  fats  are  used  as  edible  oils  (olive,  sun- 
flower, poppy-seed,  peanut  oil,  butter,  etc.);  certain  animal  fats 
are  used  as  lubricants  or  in  currying  leather  (fish  oils) ;  drying  oils 
are  used  for  paints  and  artists'  colors,  for  putty,  linoleum,  etc. 
(linseed  is  superior  but  sunflower,  poppy-seed,  soja  bean,  perilla 
and  Chinese  tung  oil  are  also  used). 

•The  vegetable  oils  occur  principally  in  the  seeds,  from  which  the 
oil  is  extracted  by  hydraulic  pressure  or  by  means  of  naphtha, 
carbon  disulphide,  chlorinated  hydrocarbons,  etc.;  the  animal 
oils  are  obtained  by  melting  out  the  fat  from  the  fat-containing 
tissues  with  or  without  steam,  or  by  extraction  with  naphtha. 
The  extracted  oils  are  in  many  cases  less  pure  than  those  melted 
out  or  pressed  out  because  the  solvents  easily  dissolve  coloring 
matter  and  resinous  bodies;  for  example,  bone  fat  extracted  with 
naphtha,  because  of  higher  content  of  solid  glycerides,  potassium 
soaps  and  impurities,  is  generally  darker  in  color  than  when  ob- 
tained from  bones  and  hoofs  by  simple  steaming. 

Many  oils  are  used  both  raw  and  refined,  as  for  example  linseed. 
Other  oils,  especially  rapeseed  oils,  must  first  be  freed  from  color- 
ing matter  and  other  non-fatty  material  which  may  be  dissolved 
or  suspended  in  the  oil  (resin,  mucilaginous  material,  odorous 
substances,  etc.).  In  many  cases  this  may  be  done  by  treatment 
with  concentrated  sulphuric  acid,  running  off  the  clarified  oil  and 
then  washing  free  from  acid.  When  the  oil  contains  free  fatty 
acids  and  is  to  be  used  as  a  lubricant,  the  acidity  must  be  removed; 
this  is  accomplished  by  treatment  with  alkaline  materials  which 
are  later  removed  by  washing  with  water,  or  by  settling  and  fil- 
tration. 
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II.  Rancidity 

The  fats  under  certain  conditions  become  rancid,  which  is  con- 
comitant with  a  change  into  free  fatty  acids  and  decomposition 
products  of  the  glycerine.  The  peculiar  odor  and  rancid  taste  of  a 
rancid  fat  are  easily  recognized  in  the  case  of  an  edible  fat  like 
butter,  which  contains  glycerides  of  the  more  volatile  acids;  but 
in  industrial  products  not  containing  such  it  is  much  harder  to 
detect.  Free  glycerine  seems  not  to  be  present;  it  appears  to  be 
decomposed  immediately  on  formation;  for  this  reason  oils  con- 
taining much  free  acid,  for  example  rancid  olive  oil,  never  show  a 
separation  of  glycerine  (which  is  insoluble  in  oils).  The  tendency 
to  separate  free  fatty  acids  is  quite  pronounced  in  the  case  of  palm 
fat,  which  often  consists  only  of  free  fatty  acids.  These  changes 
are  probably  in  part  due  to  the  action  of  enzymes  since  it  has  been 
shown  *  that  every  fatty  oil  is  split  by  the  action  of  the  lipase  in 
the  seeds  of  the  castor  oil  plant;  it  is  assumed  therefore  that  the 
rapid  decomposition  of  the  fats  is  brought  about  by  some  enzyme. 

A.  Schmidt  t  claims  that  aldehydes  and  ketones  are  present* in 
rancid  oil,  as  may  be  shown  by  distilling  with  steam  and  testing 
the  distillate  with  the  hydrochloride  of  phenylene  diamine.  Ac- 
cording to  Jorissen,t  when  butter,  cod  liver  oil  and  olive  oil  are 
exposed  to  light,  hydrogen  peroxide  is  formed.  Fish  oils  when 
exposed  to  light  lose  their  characteristic  tendency  to  react  with 
nitric  acid  of  specific  gravity  1.50.  Dietz  §  found  that  rancid  fats 
contain  peroxides  which  with  potassium  iodide  and  starch  solutions 
gave  a  violet  or  blue  color.  According  to  Amthor  ||  and  Reimann  1f 
the  rancidity  of  fats  is  due  to  the  action  of  enzymes  and  micro- 
organisms, the  rancid  odor  of  butter  being  due  principally  to  esters 
of  acids  of  low  molecular  weight  and  to  traces  of  free,  volatile  acids. 
Amthor  supposes  that  the  microorganisms  change  the  milk  sugar 
of  the  butter  into  alcohol  which  unites  with  the  acids  to  form 
esters. 

Rancid  fat  has  higher  acetyl  values  than  fat  which  is  not  rancid; 
this  may  be  explained  (without  assuming  the  occurrence  of  mono- 

*  Connstein,  Hoyer  and  Wartenberg,  Ber.,  35,  3988  (1902). 

t  Zeit.  f.  anal.  Chem.,  87,  301  (1898). 

X  Chem.  Ztg.,  22,  162  (1898). 

§  Chem.  Ztg.,  29,  705  (1905). 

||  Zeit.  f.  anal.  Chem.,  38,  10  (1899). 

Ü  Zentralb.  f.  BacterioL,  6,  Nr.  5-7  (1900). 
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and  di-glycerides,  the  presence  of  which  is  not  proven)  by  the 

presence  of  oxyacids,   anhydrides,  lactones  and  volatile  acids 

(Marcusson). 

III.  Changes  in  Refining 

In  the  refining  of  fatty  oils  with  sulphuric  acid,  an  excess  of  acid, 
or  too  long  continued  treatment,  or  too  high  a  temperature  may 
change  considerable  quantities  of  the  oil  into  fatty  acid,  or  acid 
sulphur  derivatives,  and  glycerine.  Even  if  the  subsequent  wash- 
ing with  water  will  again  change  the  sulphur  derivative  into  free 
sulphuric  acid  and  free  fatty  acid,  and  the  mineral  acid  is  removed, 
there  will  always  remain  a  considerable  amount  of  free  fatty  acid; 
this  is  shown  by  the  frequent  greater  acidity  of  the  refined  oils  as 
compared  with  the  unrefined  materials  which  always  contain  free 
acid.  Crude  rape  oils  rarely  contain  less  than  0.7  per  cent  or 
more  than  1.5  per  cent  of  free  acid  (calculated  as  oleic  acid;  see 
page  143);  with  oils  which  are  not  carefully  refined,  the  acidity 
may  rise  to  6  per  cent.  With  crude  neat's  foot  oil  it  may  be  as  high 
as  28  per  cent  (calculated  as  oleic  acid). 

Odorous  substances,  in  so  far  as  these  are  derived  from  volatile 
acids  from  rancid  oils,  can  be  removed  with  soda  solutions  or  by 
steam.  With  fish  oils  the  latter  fails,  so  that  the  best  way  at 
present  available  for  removing  their  odor  is  hydrogenation.  Ac- 
cording to  Tsujimoto  *  the  main  cause  of  the  bad  odor  of  fish  oils  is 
clupanodonic  acid  (and  its  homologues  of  the  series  CnHsn-sC^). 
If  the  fatty  acids  of  the  fish  oils  or  their  esters  are  distilled  in  a 
vacuum,  the  unsaturated  acids  remain  in  the  residue  and  the  dis- 
tillate is  much  less  odorous. 

Oils  are  bleached  by  oxidizing  action  (potassium  bichromate 
and  sulphuric  acid,  bichromate  and  hydrochloric  acid,  hydrogen 
peroxide,  potassium  permanganate  and  sulphuric  acid,  etc.),  or 
by  simple  exposure  to  air  and  sunlight  (with  bone  oils),  or  by 
treatment  with  animal  charcoal,  or  fuller's  earth.  Recently  per- 
borates, percarbonates  and  organic  peroxides  (benzoyl  peroxide) 
have  been  used  for  bleaching.  Fuller's  earth  is  used  for  bleaching 
tallow,  bone  oils,  cottonseed  oil,  etc.  In  some  cases  sulphurous 
acid  or  sodium  bisulphite  has  been  used,  the  coloring  matter  being 
destroyed  by  reduction. 

Table  64  gives  details  regarding  the  manufacture  of  vegetable 
oils  most  important  industrially. 

*  Chem.  Rev.,  20,  8  (1913). 
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IV.  Composition  and  Synthesis  of  Fats 

(a)  The  animal  and  vegetable  fats  and  oils  are  glyceryl  esters 
of  saturated  and  unsaturated  acids;  these  esters  can  be  hydrolysed 
into  glycerine  CaEUtOH)*  and  oleic  acid  C18H34O2,  stearic  acid 
C18HMO2,  palmitic  acid  C16H32O2,  linolic  acid  C18H32O2,  linolenic 
acid  C18H30O2,  etc.  The  glyceryl  radical  is  united  in  the  fat  with 
three  similar  acid  radicals,  as  in  tristearin  CsHsCCigHssC^s  and 
triolein  CjHeCCiaHsaC^a;  or  with  dissimilar  acid  radicals,  as  in  oleo- 
distearin  CsHßCCigHaOaXCigHgöC^,  present  in  Mkani  fat  from 
the  seed  of  the  East  African  tallow  tree,  or  oleo-palmito-stearin 
C3H6(Ci8H3302)(Ci6H3i02)(Ci8Hs602),  present  in  lard.  Based  on 
the  work  of  Chevreul  *  the  assumption  was  made,  up  to  a  few  years 
ago,  that  the  essential  components  of  fats  were  triglycerides  in 
which  the  glyceryl  radical  was  united  with  three  similar  acid  radi- 
cals; but  besides  the  above-mentioned  cases  many  other  mixed 
glycerides  have  been  recently  discovered  (in  cow's  butter,  cacao 
butter,  lard,  mutton  tallow  and  elsewhere  f).  In  old  fats  di- 
glycerides  are  sometimes  found,  for  example,  dierucin 
CsH^CttH^C^aOH  is  found  in  old  rapeseed  oil,t  being  perhaps 
formed  with  separation  of  erucic  acid  when  the  oil  becomes  rancid. 
Marcusson,§  however,  was  unable  to  find  any  lower  glycerides  in 
rancid  fats. 

Chevreul  had  assumed  the  existence  of  a  margarinic  acid  radical 
in  natural  fats  but  various  investigators  had  shown  the  supposed 
acid  to  be  a  mixture.  Recently,  however,  Meyer  and  Beer  have 
isolated  from  datura  oil,  by  fractional  crystallization  of  the  lithium 
salts,  an  acid  of  the  composition  C17H34O2.  This  is  noteworthy  in 
view  of  the  great  preponderance  in  the  fats  of  acid  radicals  with 
an  even  number  of  carbon  atoms. 

*  Lea  gras  d'origine  animate,  Paris  1815-23.    New  Edition,  1889. 

f  Heise,  Arbeit,  a.  d.  k.  Gesundheitsamt,  1896,  540;  1897,  306;  Chem. 
Rev.,  6,  91  (1899);  Henriques  and  Künne,  Chem.  Rev.,  6,  45  (1899);  Blyth 
and  Robertson,  J.  Chem.  Soc.,  66, 162  (1889);  Klimont,  Ber.,  34,  2636  (1901); 
Fritzweiler,  Arbeit,  a.  d.  k.  Gesundheitsamt,  18,  371  (1901) ;  Kreis  and  Haf- 
ner, Ber.,  86,  2766  (1903);  Okada,  Chem.  Ztg.,  32,  1199  (1908);  Holde  and 
Stange,  Ber., 34, 2402  (1901);  Ubbelohdeand  Marcusson,  Ber.,  38, 1247  (1905); 
A.  Bömer,  Ztsch.  f.  Unt.  d.  Nahr.  u.  Gen.  Mitt.,  II,  90  (1907);  17,  353-396 
(1909);  Hafner,  same  journal,  7, 641;  Hansen,  Kreis  and  Hefner,  same,  I,  641 
(1904);  Meyer  and  Beer,  Monatshefte,  33,  311  (1912). 

t  Reimer  and  Will,  Ber.,  19,  3320  (1886). 

§  Ber.,  39,  3466  (1906). 
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Holde  *  claims  that  the  presence  of  mixed  glycerides  determines 
the  relatively  low  solidification  point  of  the  liquid  fats;  for  al- 
though olive  oil  contains  over  15  per  cent  of  higher  melting  acids, 
palmitic,  stearic  and  arachidic,  the  point  of  solidification  is  under 
0°C. 

A  characteristic  of  triglycerides  is  the  phenomenon  of  so-called 
double  melting  point  which  was  first  noticed  by  Heintz  in  the  case 
of  stearin.  This  was  at  first  thought  t  to  be  due  to  the  formation 
of  different  isomeric  modifications,  but  recently  Guth  %  assumed 
that  the  glycerides  went  into  a  labile  condition  like  that  of  super- 
cooled water.  According  to  Bömer  the  phenomenon  is  due  to 
physical  dimorphism  as  in  the  case  of  sulphur  and  of  silicic  acids. 
Since  the  glycerides  crystallized  from  solvents  have  only  one  melt- 
ing point,  the  stable  modification  is  assumed  to  be  present  in  them 
while  the  modification  obtained  on  rapid  cooling  of  the  melted 
material  consists  of  the  labile  form  which  passes  into  the  stable 
condition  at  the  so-called  first  melting  point.  The  same  trans- 
formation takes  place  gradually  at  room  temperature.  The 
existence  of  these  two  modifications  of  the  glycerides  which  might 
be  attributed  to  polymorphism,  polymerism  or  a  subtle  isomerism  § 
has  not  yet  been  definitely  explained. 

Coloring  materials  are  present  in  oils,  but  besides  these  there 
occur  regularly  in  all  animal  fats,  traces  (at  most  several  tenths  of 
one  per  cent)  of  Cholesterin  C27H40O,  and  in  vegetable  fats,  an  iso- 
meric unsaturated  alcohol,  phytosterin  (see  page  338). 

Lecithins  are  also  found  in  oils.  These  may  be  considered  as 
phosphorized  fats  in  which  phosphoric  acid  takes  the  place  of  one 
of  the  fatty  acid  radicals;  besides  being  united  to  the  glyceryl 
radical  the  phosphoric  acid  is  also  attached  to  a  choline  radical 

CHj-O-CO-CnH» 

I 
CH  -  O  •  CO  •  Ci7H»     (CHs)8N  •  OH 

I  / 

CH,-0  •  PO(OH)  O  •  CH«  •  CH, 

This  gives  the  formula  of  a  typical  lecithin.    The  lecithins  are 
widely  distributed  in  nature.    The  above  stearyl  derivative  is 

*  Ber.,  36,  4307  (1902);  46,  3701  (1912).  Also  Kremann  and  Schouls,  S3, 
1063  (1912). 

t  Duffy,  Jour.  f.  pract.  Chem.,  67,  335  (1852). 

t  Zeit.  f.  Biologie,  44,  N.  F.,  26,  109  (1903). 

§  Knoevenagel,  Ber.,  40,  515  (1907).    Also  Grün,  Ber.,  46,  3691  (1912). 
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soluble  in  alcohol  and  ether  and  is  wax-like  and  crystalline;  it  is 
soluble  in  water,  forming  an  opalescent  solution.  It  forms  salts 
with  acids  and  bases;  with  platinic  chloride,  it  forms  an  insolu- 
ble double  salt  ^H^NPOgHClJaPtCU.  By  boiling  with  acids 
or  barium  hydroxide  it  is  hydrolysed  into  choline,  glycero- 
phosphoric  acid  and  stearic  acid.  Its  constitution  is  derived  from 
this  and  the  conclusions  seem  justified  by  synthetic  work.* 

(&)  The  Properties  of  the  Acids  which  are  obtained  from  the 
glycerides  are  given  in  Table  65.  Ninety-five  per  cent  of  the  fatty 
acid  present  in  fats  is  united  with  glycerine. 

TABLE  65 

The  Acids  Occurring  in  the  Glycerides 
Saturated  Acids  of  the  Series  CnHgnOj 


M.P. 

Formula 

Name 

Mol. 
wgt. 

M.P. 

•c. 

B.P. 

•c. 

Occurrence 

of 
ethyl 
ester 

CAO, 

Acetio 

00 

Solid.  P. 

118  at  760  mm. 

Maocaaaroil 

C4H.0, 

Butyrio 

88J 

+17.5) 
-6.5   ) 

162. 3  at  760  mm. 

Butter  fat 

C,HuO, 

Caproic 

116  { 

Solid.  P. 
<-18 

190.7  at 
732  mm. 

Butter  fat          ) 
Coooanut           1 

C,H*0, 

Caprylio 

144 

+16.5 

237  at  760  mm. 

Coooanut 

Caprio 

172 

+31.4 

270  at  760  mm. 

Coooanut 

CaHj.0, 

Laurie 

200 

43.6 

102  at  0  mm. 

( Laurel  oil         > 
1  Coooanut         J 

CMHM0, 

Myriqtio 

228 

53.8 

121  at  0  mm. 

Mace  butter 

Palmitio 

256 

62.6 

139  at  0  mm. 

( Palm  oil           ) 
1  Japan  wax        f 

Q«HjgOi  — 

Steario 

284 

60.5 

1 155  at  0  mm.  { 
{232  at  15  mm.  j 

Tallow 

33.7 

Araohidic 

312 

77 

Arachis 

50 

Behenic 

( Lignooeric    1 

1  Carnaubio    J 

340 
368 

82 
(     80.5) 
I     72.5  1 

Ben 

( Arcahis 

\  Carnaubio  wax 

49 

C*H«A 

}   55 

C*H„0, 

Cerotio 

396 

77.8 

Beeswax 

60 

Meliario 

452 

80 

Beeswax 

73 

Adds  of  the  Oleic  Series  CH&i-jO, 


Formula 


C,H,Oi.. 
CiftHnOa 

Ci»HnOt 


Name 


Tiglio 
Physetoleie 
(Oleic  ) 
(Rapid 
Erucio 


Mol. 

B.P. 

wgt. 

•c 

100 

+64.5 

254 

+30 

282 

+M 

338 

34 

B.P. 

•c 


198.5  at  760  mm 

153 
281  at  30  mm 


Occurrence 


Croton  oil 
Seal  oil 

{In  nearly  all  oils 
Rape  oil 
Rape  oil 


*  Hundeshagen,  J.  fur.  prakt.  Chem.  [2],  28,  219  (1883);  Grün  and  Kade, 
Ber.,  46,  3367  (1912). 
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TABLE  65  —  Continued 

Acids  of  the  Linolic  Series  CnHu-nOt 


Formula 

Name 

Mol. 
wgt. 

M.P. 

•c. 

B.P. 

•c 

Occurrence 

/ 

Linolio 
Taririo 
Elaeomargario 

I     280   J 

<-18 
+60.5 
43-44* 

Drying  oils 

CnHaO, J 

Qil  q/  pfaramnia 

Tung  oil 

*  Kamekata,  J.  chem.  soc.,  1042  (1903). 
Acids  of  the  linolenio  Series,  CnHt*— «O, 


CigH^O|. 


{Linolenio      ) 
Isolinolenie  / 


278 


linseed  oil 


Acids  of  the  Series,  CHj»— ,0, 


CH^O,. 


Clupanodonicf 


276 


Fish  oils 


t  M.  Tsujimote,  J.  of  the  College  of  Eng.,  Tokyo  Imp.  University,  1906, 1. 
Saturated  Hydroxy-acids,  ^H^Oi 


C»H„0,. 
C«iH|jO|. 


Lanopalmic 
Cocceric 


272 
480 


88 
93 


Wool 


CmHmO,. 


Hydroxy-acids  of  the  Castor  Oil  Series,  C^H^,— ,0| 


(  Ricinoleic        J 
1  Ricinelaidic    J 


298 


+5 
53 


Castor 


Saturated  Hydroxy-acids,  C„H„04 

CmHmOi 

Dioxysteario 

316 

142 

Castor 

Bibasio  Acids,  CH*  (COOH), 

CaH,A 

Japanic 

370 

118 

Japan  wax 

Cyclic  Acids 

C„H»A 

Chaulmoogrio 

280 

68 

248  at  20  mm. 

Chalmoogra  oils 

(c)  Synthesis  of  Fats.  Fats*  have  been  synthetically  prepared 
by  heating  glycerine  with  corresponding  amounts  of  the  free  fatty 
acids  in  a  sealed  tube  to  200-260°;  mono-,  di-  and  tri-glycerides 

♦  Berthelot,  Ann.  d.  Chim.  et  de  Phys.  (3),  41,  420  (1854). 
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were  formed  in  this  way.  The  simplest  fat,  glyceryl  triformate,  is 
prepared  *  by  heating  glycerine  repeatedly  with  excess  of  100  per 
cent  formic  acid.  After  fractional  distillation  and  recrystalliza- 
tion  from  liquid  ammonia  it  is  obtained  in  colorless  crystals  melt- 
ing at  18°  and  boiling  at  266°  (760  mm.),  insoluble  in  cold 
water  and  saponified  by  hot  water.  Mono-  and  di-glycerides 
C3H6(OH)2OR  or  C3H6(OH)(OR)2  are  obtained  on  heating  the 
salts  of  fatty  acids  with  chlorhydrin.f  These  mono-  and  di- 
glycerides  resulting  from  this  synthesis  are  changed  to  the  mixed 
triglycerides  C3H6(OR)(0(^H80)2  and  C8H5(OR)2(OC^H,0)  by 
heating  with  acetic  anhydride.  Pure  triglycerides  are  obtained 
according  to  Berthelot  by  heating  mono-  and  di-glycerides  with 
the  corresponding  acid  or,  according  to  Guth,  Partheil  and  Velsen,J 
by  heating  tribromhydrin  with  the  silver  or  sodium  salts  of  the 
fatty  acids.  A.  Grün  §  obtained  diglycerides  by  heating  glyceryl 
disulphate  C3H6(OH)(OSOsH)2  with  fatty  acids  in  sulphuric  acid 
solution.  A.  V.  Skopnik  ||  allowed  a-monochlorhydrin  to  act  on 
the  acid  chloride  of  lauric  acid,  obtaining  in  this  way  a-lauro-a'- 
chlorhydrin;  this  product  with  potassium  myristate  formed  a- 
lauro-a'-myristin,  which  by  reaction  with  stearyl  acid  chloride 
produced  the  triglyceride  a-lauro-ß-stearo-a'-myristin.  Mixed 
glycerides  can  also  be  obtained  by  the  action  of  mono-  and  di- 
glycerides  on  fatty  acids,  for  example  oleo-distearin  by  heating  a- 
distearin  with  oleic  acid.  If  The  heating  of  acid  anhydrides  and 
acid  chlorides  or  of  fatty  acid  esters  of  a-monochlorhydrin  with 
the  potassium  or  silver  salts  also  leads  to  the  formation  of  mixed 
glycerides.** 

V.  Transformations  of  the  Components  of  Fats 

By  the  action  of  nitrous  acid  liquid  oleic  acid  is  transformed 
into  the  isomeric  elaidic  acid  of  melting  point  51°,  while  ricinolic 
acid  is  similarly  transformed  into   ricinelaidic  acid  of  melting 

*  Van  Romburgh,   Zeit.  f.  physikal  Chem.,  70,  459-461  (II  Arrhenius 
Festband). 

f  Krafft,  Ber.,  36,  4339  (1903),  Guth,  Ztschr.  f.  Biologie,  44,  N.  26,  I,  78. 

t  Archiv,  d.  Pharmacie,  238,  267  (1900). 

§  Ber.,  38,  2284  (1905). 

||  Dissertation,  Zurich,  1909. 

f  Kreis  and  Hafner,  Ber.,  36,  2766  (1903). 

**  Grün  and  Schacht,  Ber.,  40, 1778  (1907).  Grün  and  Theimer,  Ber.,  40, 
1792  (1907). 
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point  53°.    Triolein  and  ricinolein  undergo  similar  stereoisomers 
changes.* 

CH,  •  (CH2)7  •  CH  CH,  •  (CH2)7 .  CH 

II  II 

CH  •  (CH|)7  •  COOH        HOOC  •  (CH,)7 .  CH 

normal  oleic  add  eUudic  add 

On  this  property  depends  the  test  for  olive  oil  and  other  non- 
drying  oils  containing  considerable  amounts  of  olein,  as  developed 
principally  by  Finkener.  Drying  oils  (as  oils  containing  much 
linolic  acid)  remain  liquid;  the  non-drying  oils,  containing  prin- 
cipally triolein,  become  solid  in  the  presence  of  nitrous  acid. 

Molinari  and  Soncini  f  state  that  one  mol  of  oleic  acid  absorbs 
three  atoms  of  oxygen  (one  mol  of  ozone);  the  addition  product 
CuHmOs,  on  heating,  passes  almost  quantitatively  into  1  mol  of 
n-caprylic  acid  and  a  keto-acid  Ci0HgOs;  the  double  bond  must 
therefore  be  assumed  as  present  near  the  middle  of  the  chain.  A 
confirmation  of  this  is  found  in  the  decomposition  of  oleic  acid 
into  pelargonic  acid  CgH17COOH  and  azelaic  acid 

COOH  •  (CH2)7  COOH 

on  careful  oxidation.    Linolic  acid  absorbs  two  mols  of  ozone. 

Harries  and  Thieme,{  however,  found  that  oleic  acid  on  treatment 
with  ozone  absorbed  four  atoms  of  oxygen,  forming  the  ozonide 
which  reacts  with  two  molecules  of  water  to  form  1  mol  of  n-nonyl 


CH,- 

■  (CHj)7 

•  CH  • 

CH. 

>  (CHj)7 

•C 

1 

1 

II 

0  - 

0 

0 

^0 

^ 

II 

0 

aldehyde  and  a  mol  of  the  half-aldehyde  of  azelaic  acid,  hydrogen 
peroxide  forming  at  the  same  time.  From  the  ozonide  with  four 
atoms  of  oxygen  (which  they  call  oleic  acid  ozonide  peroxide), 
they  obtained,  by  washing  with  water  and  sodium  bicarbonate  and 
drying  with  ether  the  isolated  product,  a  substance  of  the  same 
formula  as  the  ozonide  obtained  by  Molinari  and  Soncini. 

Brassidic  acid  has  the  same  relation  to  erucic  acid  as  has  elaidic 
acid  to  oleic  acid.  Another  isomer  of  oleic  acid,  namely  iso-oleic 
acid,  is  obtained  by  distilling  fatty  acids  for  candle  stock. 

*  Bamch,  Ber.f  27,  173  (1893). 

f  Chem.  Ztg.,  29,  715  (1905). 

t  Ber.,  88, 1630  (1905);  89,  3728  (1906). 
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The  oxidation  products  obtained  *  by  the  action  of  alkaline 
potassium  permanganate  (page  307)  serve  to  identify  these  acids. 
By  treating  oleic  and  erucic  acids  in  acid  solution  with  hypochlorous 
acid  and  caustic  potash  or  with  persulphate,  Albitzky  f  obtained 
dioxy-acids  melting  at  99.5°  and  100°  which  are  also  formed  by 
oxidation  of  elaidic  and  brassidic  acids  in  alkaline  permanganate 
solutions;  by  oxidizing  these  latter  acids  in  acid  solution,  there 
were  formed  dioxy-acids  melting  at  136.5°  and  132°,  which  are 
obtained  by  the  oxidation  of  oleic  and  erucic  acids  in  alkaline 
solution. 

In  approximately  neutral  or  faintly  alkaline  solution,  Holde 
and  Marcusson  J  prepared  keto-oxystearic  acid 

CH,  •  (CH2)7  •  CO  •  CH  (OH) .  (CH,)7  •  COOH 

from  oleic  acid  and  this  substance  passes  into  stearoxylic  acid 
CH,  •  (CH2)7  •  CO  •  CO  •  (CH2)7  •  COOH  on  oxidation  with  acetic 
and  chromic  acids. 

The  normal  structure  of  stearic  acid  was  proven  by  Krafft  by 
gradual  decomposition  into  acids  of  low  molecular  weight. 

VI.  Changes  in  the  Components  of  Fats 

(a)  By  Action  of  Air.  Rancidity  of  fats  has  already  been 
considered  briefly.  Oleic  acid,  the  chief  component  of  liquid  and 
non-drying  fats,  changes  considerably  under  the  action  of  air.  Sal- 
kowski  found  in  a  sample  of  oleic  acid  kept  for  years,  §  a  crystalline 
acid  melting  at  48°.  Senkowsky  ||  assumed  this  to  contain  (on 
the  basis  of  the  ester  and  iodine  values,  etc.,  without  isolating  these 
substances)  stearolactone,  oxystearic  acid  and  only  31  per  cent  of 
oleic  acid.  Fahrion  If  attributed  the  decrease  of  the  iodine  value 
to  polymerization,  without  having  separated  chemically  defined 
bodies. 

The  drying  process,  in  its  details,  is  no  more  clearly  understood 
than  is  the  rancidity  of  fats.  Common  to  both  processes  there  is 
an  increase  in  the  amount  of  oxy-acids  (shown  by  an  increase  in 
the  ester  value) ;  a  polymerization  takes  place  which  (as  does  the 

*  Saytzeff,  J.  f.  prakt.  Chem.  (2),  34,  304,  315. 

f  J.  f.  prakt.  Chem.,  61,  65;  Ber.,  88,  2909  (1900). 

%  Ber.,  86,  2657  (1903). 

§  Festschrift  zum  Virchow-Jubiläum,  1890,  19. 

||  Zeit.  f.  physiolog.  Chem.,  1898,  434. 

\  Chem.  Ztg.,  17,  434  (1893);  28,  770  (1899). 
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oxidation  of  the  unsaturated  bodies)  causes  an  increase  in  specific 
gravity  and  viscosity.  The  oxidation  and  polymerization  in  the 
drying  process  take  place,  not  only  with  the  compounds  with  one 
double  bond,  but  also  with  those  glycerides  and  acids  containing 
two  double  bonds  (linolic,  linolenic,  etc.,  acids),  the  changes  of 
the  latter  bodies  giving  rise  to  the  oxidized,  polymerized  and  par- 
tially dehydrated  substances,  more  or  less  hard,  insoluble  in  ether 
and  naphtha,  only  soluble  in  alcoholic  solutions  of  alkali.  The 
question  of  polymerization  is  treated  in  numerous  patents  by 
Kronstein,  Karlsruhe. 

Recent  experiments  of  Olsen  and  Ratner  *  have  shown  that  lin- 
seed oil  in  drying  liberates  water  and  carbon  dioxide  and  absorbs 
oxygen;  for  example  one  sample  in  74  days  lost  1.87  per  cent  of 
carbon  and  14.7  of  hydrogen  while  it  absorbed  37.8  per  cent  of 
oxygen.  Orlow  t  found  an  absorption  of  15-16  per  cent  of  oxygen, 
solidification  taking  place  when  12  per  cent  had  been  absorbed; 
this  corresponded  to  the  amount  of  oxygen  equivalent  to  the 
iodine  value  of  the  oil.  Tung  (wood)  oil  has  the  property  of  ab- 
sorbing oxygen,  which  is  also  accompanied  by  solidification,!  due 
to  molecular  rearrangements  and  polymerization.  The  former 
process  takes  place  under  the  influence  of  light  at  room  temperature 
and  leads  to  a  crystalline  body  soluble  in  solvents  for  fats,  and 
having  a  melting  point  of  32°;  the  polymerization  takes  place  at 
higher  temperatures  and  gives  products  which  are  not  soluble  and 
do  not  melt.  The  mechanism  of  oxidation  of  tung  oil  is  much  the 
same  as  that  of  linseed  oil;  the  assumption  that  tung  oil  drys  out- 
ward from  the  interior  is  incorrect. 

(6)  Physiological  Synthesis  of  Fats  and  Toxicity  in  the  Body. 
On  the  basis  of  feeding  experiments  it  is  now  assumed  that  the  fats 
may  form  in  the  animal  body  from  carbohydrates  while  protein 
material  does  not  give  rise  to  the  formation  of  fat.  It  is  also 
accepted  that  fat  is  formed  from  its  components  in  the  animal 
organism.  Hanriot  §  and  Kastle  and  Loevenhart  ||  have  shown 
that  the  synthesis  of  fats  under  the  influences  of  enzymes  on  glyc- 

*  Chem.  Ztg.,  36,  1188  (1912). 

f  Chem.  Zentrallblatt,  1918, 1,  861. 

X  Fahrion,  Farbenztg.,  17,  2530,  2583,  2635,  2689  (1912). 

§  Schacht,  Inaugural  Dissertation  "Beitrage  zur  Synthese  der  Fette. 
Symmetrische  Glyceride, "  Zurich,  gives  literature. 

||  Amer.  Chem.  Jour.,  24,  491  (1900).  See  also  Doyen  and  Morel,  Compt. 
Rend.,  184,  1254. 
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erine  and  fatty  acids  is  possible  outside  the  body.  Loevenhart  * 
assumes  that  the  synthesis  in  the  body  is  caused  by  lipases. 
Others  t  have  shown  that  fats  are  synthesized  in  the  body  from 
glycerine  and  fatty  acids,  and  feeding  experiments  with  animals 
have  shown  J  that  erucic  acid  (not  normally  present  in  the  animal 
body)  in  the  food  leads  to  the  formation  of  erucin  which  can  be 
detected  in  the  body. 

There  is  some  disagreement  as  to  how  the  fat  is  absorbed  in  the 
body  but  the  consensus  of  opinion  seems  to  be  that  it  is  first 
hydrolyzed  and  then  absorbed.§ 

Through  the  poisonings  resulting  from  the  use  of  margarine  (in 
Germany  in  1910)  to  which  had  been  added  Indian  cardamom 
oil,  the  first  example  of  a  poisonous  fat  was  discovered.  All  other 
pure  fats,  neglecting  the  purgative  action  of  castor  oil,  are  not 
poisonous.  Soaps  (for  example  sodium  oleate)  are  said  to  affect 
the  heart  action;  ||  injected  intravenously  they  decrease  the  blood 
pressure  and  act  as  narcotics  (Munck).  Free  fatty  acids  (from 
butyric  acid  upwards  in  molecular  weight),  in  so  far  as  they  are 
soluble  in  water,  and  aldehydes  are  poisonous. 

VII.  Theory  of  Saponification 

The  fats  (and  waxes)  are  converted  into  soaps  and  glycerine 
(and  higher  alcohols)  on  boiling  with  aqueous  alkalies.  The  end  re- 
action is  given  by  the  following  equation  in  which  R  represents 
an  acid  radical  (for  example  CicHsiO,  the  palmitic  acid  residue) : 

C8H6(OR)3  +  3  NaOH  ->  C3H5  (OH)8  +  3  NaOR. 

According  to  indirect  physico-chemical  experiments  of  Geitel  If 
and  of  Kremann,**  the  saponification  process  is  supposed  to  take 
place  by  steps,  that  is,  with  the  intermediate  formation  of  di-  and 

*  Amer.  Jour.  Physiol.,  6,  331. 

t  Rosenfeld,  AUgem.  Med.  Zentralbla.,  1901,  Nr.  73;  Munk,  DuBois- 
Reymond  Archiv,  1883,  273;  Virchows  Archiv,  95,  407;  Lebedeff,  Med. 
Zentralblatt,  1882,  'Nr.  8. 

t  Jahrbuch  f.  Thierchemie,  16,  42. 

§  Pflüger,  Pflüger  Archiv.,  82,  303;  see  however,  Munck,  Chem.  Zentral- 
blatt, 1900,  II,  390,  also  Henriques  and  Hansen,  Zentralbl.  f.  Physiolog.,  14, 
313. 

||  Bokorny,  Chem.  Ztg.,  36,  630  (1911). 

%  J.  f.  prakt.  Chem.,  1897,  66,  417;  1898,  113. 
♦*  Monats,  f.  Chem.,  1906,  607. 
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mono-glycerides.  This  had  previously  been  assumed  to  be  the 
case  by  Alder  Wright.*  Geitel  also  assumed  the  presence  of  mono- 
and  di-glycerides  in  rancid  fats  formed  by  a  partial  hydrolysis  of 
the  fat  by  water.  The  discovery  of  dierucin  in  rape  oil  f  is  a  con- 
firmation of  this;  Strohmann  and  Kerl  %  stated  that  the  dierucin 
is  found  only  in  oil  refined  with  sulphuric  acid  but  Reimer  §  has 
shown  that  dierucin  is  found  in  the  raw  oil. 

According  to  experiments  of  Fantos  ||  the  saponification  of  pure 
glycerides  by  aqueous  alkali  is  a  quadrimolecular  reaction  and 
takes  place  by  the  reaction  of  3  mols  of  KOH  and  1  mol  of  triglyc- 
eride according  to  the  theory  of  Balbiano.1T  Kellner  **  states 
that,  with  aqueous  alkali  in  an  open  vessel,  the  reaction  is  quadri- 
molecular but  that  in  an  autoclave,  mono-  and  di-glycerides  form. 
Although  the  physico-chemical  experiments  of  Kremann  tend  to 
show  that  the  reaction  takes  place  in  steps,  he  assumes  that  the 
rate  of  saponification  is  so  great  that  the  isolation  of  the  inter- 
mediate products  is  not  possible;  this  would  explain  the  negative 
results  of  Balbiano  and  of  Marcusson  ft  in  the  saponification  of 
tribenzoin  and  fats  with  aqueous  alkali.  The  latter  has  however 
shown,  in  confirmation  of  Kellner,  that,  in  saponifying  in  an  auto- 
clave, the  formation  of  lower  glycerides  can  be  directly  demon- 
strated,^ because  they  are  not  directly  further  saponified  by  alkali 
but  remain  in  part  dissolved  in  the  undecomposed  fat. 

Grün  and  Corelli  §§  showed  that  in  the  saponification  of  fats  with 
sulphuric  acid,  the  process  takes  place  in  steps,  but  they  isolated 
only  diglycerides  together  with  unchanged  triglycerides,  because 
the  monoglycerides  were  too  quickly  transformed  to  be  isolated. 

Bouis  ||  ||  and  later  Kossel  and  Obermüller  If  If  showed  that  the 
fats  saponify  very  rapidly  in  ether  solution  under  the  influence  of 

*  Animal  and  Vegetable  Fats  and  Waxes,  London,  1894. 
f  Reimer  and  Will,  Ber.,  19,  3320  (1886). 
t  Muspratt,  1891  (3),  650. 
§  Ber.,  40,  256  (1907). 
||  Monatsschr.  f.  Chem.,  25,  919. 
1  Ber.,  86,  1571  (1903). 
**  Chem.  Ztg.,  88,  453  (1909). 
ft  Ber.,  89,  3466  (1906);  40,  2905  (1907). 
tX  Zeit.  f.  angew.  Chem.,  26,  173  (1913). 
$$  Zeit.  f.  angew.  Chem.,  26,  665,  947  (1912). 
||  ||  Compt.  rend.,  46,  35. 
fK  Zeit.  f.  physiolog.  Chem.,  16,  321,  330  (1891). 
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sodium  alcoholate,  the  ethyl  esters  of  the  fatty  acids  being  formed 
as  intermediate  products.  By  the  further  action  of  water,  which 
cannot  be  absolutely  excluded,  glycerine  and  sodium  hydroxide 

C8H6(OR)8  +  3  CH6ONa  ->  C8H*(ONa)8  +  3  ROCaHs. 

are  formed,  the  latter  then  saponifying  the  ethyl  esters. 
3  CÄ(ONa)8  +  3  H20  -►  3  C8H6(OH)8  +  3  NaOH. 

According  to  Bull,*  sodium  alcoholate,  in  the  absence  of  water, 
cannot  saponify  glyceride  fats;  not  only  is  the  saponification  facili- 
tated by  the  presence  of  water  but  the  solubility  of  the  salts  in 
ether  also.  During  the  saponification,  ethyl  esters  and  sodium 
glycerate  form,  the  latter  being  insoluble  in  dry  ether. 

According  to  Henriques  t  the  fats  and  most  of  the  waxes,  after 
10-12  hours  treatment  with  alcoholic  potash  in  petroleum  ether 
solution  at  room  temperature,  are  completely  saponified,  whereby 
the  following  intermediate  products  form  in  the  saponification  of, 
for  example,  triolein, 

GA(CiAA),  +  3  NaOH  +  3  C2H5OH 

-►  C8H6(OH)8  +  3  CisEW)*  •  CH6  +  3  NaOH 
-►CHsCOH^  +  3  Ci8H8802Na  +  3  C2H6OH 

The  ethyl  esters  of  the  fatty  acids  can  be  isolated  by  taking  |  of  the 
theoretical  amount  of  alkali  necessary  for  saponification  and  then, 
after  allowing  to  stand  for  one  day,  separating  the  esters  from  the 
saponified  fat  by  the  method  of  Spitz  and  Honig  (page  161). 

Saponification  must  be  distinguished  from  hydrolysis;  the  latter 
can  be  brought  about  by  the  action  of  mineral  acids,  by  super- 
heated steam  or  by  enzymes  (see  also  page  376). 

The  fats  can  be  split  |  by  heating  the  glycerides  with  absolute 
alcohol  (best  methyl  alcohol)  containing  1-2  per  cent  of  hydro- 
chloric acid. 

CÄtCOOR)«  +  3  R'OH  -►  CHstOH^  +  3  RCOOR'. 

The  methyl  esters  of  the  fatty  acids  form,  the  alcoholysis  being 
facilitated  by  using  a  neutral  solvent  like  naphtha  or  carbon  tetra- 
chloride. By  the  alcoholysis  of  cocoanut  fat  the  methyl  esters 
of  caprylic,  of  capric,  of  lauric  and  of  myristic  acids,  etc.,  were 
obtained  after  fractionation.    Trilaurin  and  trimyristin  predomi- 

♦  Chem.  Ztg.,  24,  814,  845  (1900). 

f  Chem.  Ztg.  10»  697  (1898). 

t  Haller,  Compt.  rend.,  148,  657,  803  (1906). 
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nate  in  cocoanut  fat.     The  method  can  also  be  used  for  the 
scientific  analysis  of  fats. 

VIII.  Hydrolysis  and  Alcoholysis  of  Alkali  Soafs 

Every  soap  reacts  alkaline  in  aqueous  solution,  even  though  it 
was  previously  neutral,  the  soap  being  hydrolysed.  The  hydroly- 
sis can  be  lessened  by  the  addition  of  concentrated  alcohol. 

2  R  COOK  +  H20  ->  R  COOK  +  R  COOH  +  KOH. 

The  acid  soap  formed  by  the  hydrolysis  is  not  a  chemical  indi- 
vidual but  a  mixture  of  neutral  bodies  with  free  fatty  acid;  the  hy- 
drolysis becomes  complete  when  one  of  the  products  is  withdrawn. 
Thus  with  a  solution  of  1  gram  of  sodium  palmitate  in  400  grams 
of  water  the  total  palmitic  acid  can  be  withdrawn  from  the  solution. 
The  hydrolysis  caused  by  the  equal  amounts  of  water  acting  on 
sodium  stearate  and  on  sodium  palmitate  is  more  pronounced 
with  the  latter,  according  to  Krafft  and  Stern;  but  this  is  directly 
contradicted  by  the  results  of  Wright  and  Thomson.* 

Experiment  t  has  shown  that  even  when  50  per  cent  alcohol  is 
used,  oleic  acid  is  split  off,  as  can  be  shown  by  extracting  the  solu- 
tion with  naphtha;  the  use  of  80  per  cent  alcohol,  however,  pre- 
vents hydrolysis  almost  completely.  If,  therefore,  in  analysis,  a 
soap  solution  is  to  be  extracted  with  naphtha  or  petroleum  ether, 
the  hydrolysis  of  the  soap  by  the  aqueous  alcoholic  solution  must 
be  considered. 

The  experiments  of  Holde  were  continued  by  Schapringer;  { 
he  determined  the  distribution  ratio  for  the  acid  split  off  from 
alkali  salts  of  stearic,  palmitic,  myristic  and  lauric  acids  and  the 
degree  of  hydrolysis  of  the  soaps  in  the  presence  of  naphtha  and 
in  its  absence. 

Not  only  does  hydrolytic  decomposition  of  soap  solutions  take 
place  but  it  is  also  possible  to  split  fats  with  alcohol,  although  it 
requires  a  high  (boiling)  temperature  to  bring  this  about.  The 
mechanism  of  this  change,  which  is  made  evident  by  the  redden- 
ing of  the  solution  to  which  some  Phenolphthalein  has  been  added, 
is  not  yet  understood;  it  probably  takes  place  as  follows: 

2  R  COOK  +  C2H5OH  ±+  R  COOK  +  R  COOC2H5  +  KOH. 

*  J.  Soc.  Chem.  Ind.,  1886,  630. 

f  Holde,  Meyerheim  and  Doscher,  Zeit.  f.  Elektrochemie,  12,  436  (1910). 

t  Dissertation,  Karlsruhe,  1912. 
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By  cooling  the  solutions  (of  say  sodium  oleate),  the  color  disappears 
again.  That  the  color  change  is  not  due  to  carbon  dioxide  is 
shown  by  excluding  it  during  the  experiment.  These  considera- 
tions are  very  important  in  determining  the  neutrality  of  soaps 
(especially  textile  soaps)  which  must  be  as  free  as  possible  from 
alkali  (in  this  connection  see  the  method  of  Heerman,  page  388). 

IX.  Methods  for  the  Separation  of  the  Fats  into  their 

Separate  Components 

(a)  Solid  from  Liquid  Acids.    1.  The  Method  of  Varrentrap 

depends  on  the  easy  solubility  in  ether  of  the  lead  salts  of  the  un- 
saturated acids. 

3  grams  of  fat  are  saponified  with  50  c.c.  of  alcoholic  potash;  the  solution  is 
acidified  with  acetic  acid,  exactly  neutralized  with  N/10  sodium  hydroxide 
and  then  diluted  with  50  c.c.  of  water.  From  this  solution,  the  lead  salts  are 
precipitated  by  gradually  adding  a  mixture  of  30  c.c.  of  10  per  cent  lead  acetate 
in  300  c.c.  of  water;  the  supernatant  liquid  is  passed  through  a  filter  after  cool- 
ing, the  crystals  of  lead  soap  are  washed  with  hot  water,  drained  as  completely 
as  possible  and  finally  the  last  traces  of  water  are  removed  with  filter  paper. 
It  is  necessary  to  dry  the  lead  soaps  to  prevent  oxidation. 

The  lead  soaps  are  then  shaken  with  150  c.c.  ether,  at  first  cold,  later  warmed 
gently  under  a  reflux  condenser.  The  insoluble  lead  soaps  are  separated  by 
filtration  and  then  washed  with  30  c.c.  portions  of  ether  till  the  filtrate  on 
evaporation  and  decomposition  of  the  residue  with  dilute  hydrochloric  acid 
is  seen  to  contain  only  solid  (and  not  oily  )  acids.  The  united  ether  extracts 
are  shaken  with  excess  dilute  hydrochloric  acid,  washed  free  from  lead  salts 
and  mineral  acids,  and  the  ether  is  then  distilled  (this  last  operation  should 
be  carried  on  in  a  stream  of  hydrogen  if  the  acids  are  decidedly  unsaturated)* 

To  separate  the  solid  acids,  the  ether-insoluble  soaps  are  warmed  with 
naphtha  and  hydrochloric  acid,  with  frequent  shaking,  until  the  naphtha  solu- 
tion is  clear.  To  complete  the  decomposition,  the  material  is  twice  shaken 
with  hot  hydrochloric  acid,  then  washed  free  from  mineral  acid  and  after  dis- 
tilling off  the  naphtha,  the  residue  is  weighed.  The  solid  acids  are  not  com- 
pletely separated  from  the  liquid  by  this  method,  a  small  amount  of  liquid 
remaining  with  the  solid,  and  vice  versa.  Thus  the  solid  acids  from  olive  oil 
had  an  iodine  number  of  3.6,  from  datura  oil  3.7,  corresponding  to  3.4  per  cent 
of  liquid  acid.  A  quantitative  separation  is  prevented  *  by  the  formation  of 
mixtures  of  lead  soaps  of  solid  and  liquid  acids.  The  amount  of  the  solid  acids, 
as  well  as  the  iodine  value,  should  be  stated  to  give  an  idea  as  to  the  amount  of 
liquid  acid  present. 

In  the  examination  of  fats  containing  a  high  percentage  of  acids 
soluble  in  water  (butter),  it  is  well  to  remember  that  lead  soaps  of 
these  acids  are  soluble  in  ether,  and  that  therefore  the  liquid  acids 

*  Partheil  and  Ferie\  Archiv  f.  Pharmacie,  1903,  552. 
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obtained  will  always  contain  saturated  acids  of  low  molecular 
weight.  To  separate  the  unsaturated  acids  from  the  fats  men- 
tioned, the  liquid  acids,  as  obtained  above,  may  be  exhaustively 
extracted  with  water;  or  one  may  start  in  the  first  place  with  acids 
insoluble  in  water. 

The  method  of  Varrentrap  is  not  applicable  in  the  presence  of 
erucic  (in  rape  oil)  or  iso-oleic  acid  (in  candle  stock),  since  the 
lead  salts  of  these  acids  are  difficultly  soluble  in  ether. 

2.  Method  of  Farnsteiner.* 

About  4  grams  of  the  sample  are  saponified  in  a  300  c.c.  Erlenmeyer  flask 
with  50  c.c.  of  N/2  alcoholic  KOH  in  a  stream  of  hydrogen;  the  hot  solution 
is  neutralized  with  acetic  acid  (Phenolphthalein).  To  the  neutral  solution,  a 
mixture  of  30  c.c.  of  10  per  cent  lead  acetate  in  150  c.c.  of  water  is  slowly  added; 
the  precipitated  lead  soaps  are  made  to  attach  themselves  to  the  walls  of  the 
beaker  by  vigorous  shaking  and  by  cooling  under  a  water  tap.  The  lead  soaps 
are  then  washed  with  hot  water  and  dried  in  a  stream  of  hydrogen;  the  dry 
lead  soaps  are  dissolved  in  200  c.c.  of  thiophene-free  benzol  (still  in  a  stream  of 
hydrogen),  the  solution  is  kept  two  hours  in  an  ice  chest  at  8°  and  the  preci- 
pitated lead  salts  are  then  filtered  off.  The  filter  is  extracted  with  15  c.c.  of 
benzol  and  leached  with  10  c.c.  more  in  a  stream  of  hydrogen.  These  25  c.c. 
are  united  and  cooled.  The  crystallized  lead  salts  are  treated  twice  more  in 
this  way.  The  filtered  benzol  solutions  are  united  (275  c.c.)  and  the  iodine 
number  is  determined  as  on  page  351  (Hübl). 

The  lead  soaps  remaining  on  the  paper  after  the  last  recrystallization  are 
treated  with  a  mixture  of  equal  parts  of  fuming  hydrochloric  acid  and  alcohol 
and  then  washed  into  a  separatory  funnel,  first  with  alcohol,  then  with  ether. 
After  adding  water,  an  ether  extraction  is  made;  the  ether  solution  is  dried 
with  calcium  chloride;  after  filtering  and  distilling  off  the  ether,  the  solid  fatty 
acids  are  dried  in  hydrogen  at  105°.  The  content  of  liquid  acid  in  the  solid 
can  be  estimated  from  the  iodine  value. 

3.  Separation  of  Large  Amounts  of  Solid  Acids,  knowing 
approximately  the  Amount  Present  The  following  method  may 
be  used  in  the  preparation  of  solid  acids  for  experimental  work. 

The  separated  total  fatty  acids  (prepared  in  the  usual  manner)  are  dissolved 
in  90  per  cent  alcohol  (for  every  10  grams  of  acid,  50  c.c.  of  alcohol)  and  pre- 
cipitated with  insufficient  alcoholic  lead  acetate  solution  so  that  only  the  lead 
salts  of  the  solid  acids  which  form  first  will  precipitate. 

To  separate  the  solid  acids  from  peanut  oil  (arachis  oil),  which  contains 
about  10  per  cent  of  saturated  acids,  in  order  to  make  the  test  for  arachidic 
acid,  10  grams  of  fatty  acid  are  treated  with  1  gram  of  lead  acetate  (this  cor- 
responding to  about  15  per  cent  of  fatty  acid).  The  resulting  precipitate  is 
then  collected  by  suction,  recrystallized  from  benzol  and  decomposed  as  under 
1  (see  also  page  328). 

*  Zeit.  f.  Nahr.-u.  Genuss-mitt.,  1898,  390. 
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(6)  Quantitative  Determination  of  Stearic  Acid  in  Fatty 
Acid  Mixtures.  The  procedure  *  depends  on  the  fact  that  stearic 
acid  is  insoluble  in  a  solution  saturated  with  stearic  acid  at  0°, 
while  palmitic,  myristic  and  oleic  acids  are  soluble. 

0.5  gram  of  the  sample,  if  solid  (5  gram  if  liquid),  is  dissolved  in  100  c.c.  of  a 
saturated  solution  of  stearic  acid  f  in  95  per  cent  alcohol  in  a  150  c.c.  flask  under 
a  reflux.  The  solution  obtained  is 
kept  over  night  at  0°  in'  an  ice  chest. 
To  facilitate  the  crystallization  the 
flask  is  shaken  the  next  day  in  ice 
water,  in  which  it  remains  then  for  J 
hour.  The  supernatant  liquid  is  then 
sucked  from  the  precipitate  by  the 
arrangement  of  Fig.  07;  the  width  of 
b  should  be  not*  more  than  6  mm. 
The  filtrate  should  be  clear;  the 
residue  is  washed  three  times  with  10 
c.c.  portions  of  the  saturated  stearic 
acid  solution  at  0°.  The  residue  is 
then  dissolved  in  hot  alcohol,  the 
alcohol  evaporated  and  the  residue 
weighed.  Since  the  walls  of  the  vessel 
and  the  stearic  acid  adsorb  some  solu- 
tion, a  correction  is  made,  0.005  gram 
being  subtracted  from  the  weight  of 
stearic  acid.  The  melting  point  of 
the  product  should  not  be  under  68°. 

Foreign  fatty  acids  of  all  kinds,  volatile  and  non-volatile,  saturated  and  un- 
saturated are  said  to  have  no  effect  on  the  result.}  The  suction  funnel  of  Fig. 
97  is  covered  with  cotton  cloth  which  may  easily  become  clogged  by  the  sepa- 
rated stearic  acid  in  which  case  it  may  be  advisable  to  use  the  filtering  arrange- 
ment described  on  page  38. 

The  method  described  is  said  to  be  nearly  quantitative  §  in  the 
presence  of  at  least  0.1  gram  of  stearic  acid  but  if  less  is  present, 
the  values  are  very  inexact  owing  to  supersaturation  phenomena. 

If  the  solid  fatty  acids  separated  according  to  page  342  contain 
only  palmitic  and  stearic  acids  their  amount  can  be  estimated  from 
the  average  molecular  weight  (page  303)  and  the  known  molecular 

*  Hehner  and  Mitchell,  Analyst,  21,  316  (1896). 

t  The  saturated  solution  is  made  by  dissolving  3  grams  of  stearic  acid  in  a 
liter  of  warm  alcohol,  cooling  in  an  ice  chest  over  night  and  then  filtering  with 
the  help  of  the  apparatus  sketched  in  Fig.  97. 

t  This  is,  however,  not  true  for  arachidic  acid,  lignoceric  acid  and  other 
acids  melting  higher  than  stearic  acid  (see  page  328). 

§  Kreis  and  Haffner,  Zeit.  f.  Unters,  d.  Nähr.  -u.  Genussmit.,  1903,  22. 
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weights  of  palmitic  and  stearic  acids.    If  x  per  cent  of  the  acid  of 

molecular  weight  mi  and  y  per  cent  of  the  acid  of  molecular  weight 

ms  are  present  and  the  average  molecular  weight  of  the  mixture  is 

m  then 

x  +  y  =  100 

Wl        W2  Wi    ' 

it  follows  that 


x  = 


100  mi  (m  —  m*) 


2/  = 


__  100  mg  (mi  —  m) 


m(mi  —  mi)  *         m  (mi  —  m*) 

(c)  Examination  of  the  Liquid  Acids  Obtained  by  the  Method 
of  Page  303.  The  nature  and  amount  of  unknown  liquid  acids  is 
sometimes  to  be  determined.  In  general  oleic,  linolic  and  linoleic 
acids  are  to  be  considered. 

1.  Iodine  Value.  The  amount  of  oleic  or  more  unsaturated 
acids  can  be  approximately  determined  from  the  iodine  number 
(see  page  351).  The  iodine  value  of  the  liquid  acids  is  known  as 
the  inner  iodine  value.*  Tolman  and  Munson  f  calculate  the 
inner  (or  true)  iodine  value -by  the  formula 

A  _  (J)  (100) 

where 

A  is  the  iodine  number  of  the  liquid  fatty  acids, 
J  is  the  iodine  number  of  neutral  fat, 
L  is  the  per  cent  of  liquid  acids  in  the  neutral  fat,  that  is, 
total  fatty  acids  (95.5)  less  the  solid  acids. 
For  pure  unsaturated  acids  the  following  iodine  values  can  be 
calculated  (Benedikt-Ulzer) : 

TABLE  66 


Add 


Hypogaeic  acid . 

Oleic  and  isooleic  acids 

Erucic 

Ricinoleic 

Linolic 

Linolenic 


Formula 


CuHiqOi 
CisHmO« 
CiiH«Oj 
CisHmO» 

CmHuOi 

CisHjoOj 


100  crams  of  acid 
add  0  gram*  of 

iodine 
(iodine  value) 


99.88 
89.96 
75.05 
85.14 
181 .22 
273.80 


*  Wallenstein  and  Fink,  Chem.  Ztg.,  18,  1190  (1894). 
t  Chem.  Zeutrallb.,  1908,  11,  1288. 
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2.  Separation  According  to  Hazura.*  This  method  depends  on 
the  fact  that  these  acids  take  up  two  hydroxyl  groups  on  oxida- 
tion in  alkaline  solution  with  potassium  permanganate  forming 
oxyacids  with  characteristic  properties. 

Oleic  acid  gives  dioxystearic  acid  melting  point,  136.5°. 

Linolic  acid  gives  sativic  acid  melting  point,  174°. 

Linolenic  acid  gives  linusic  acid  melting  point,  204°. 

Isolinolenic  gives  isolinusic  acid  melting  point,  174°. 

These  oxyacids  differ  decidedly  in  their  behavior  towards  solvents 
(water  and  ether). 
The  method  of  oxidation. 

30  grams  of  liquid  acids  are  saponified  with  36  c.c.  of  KOH  (sp.  gr.  1.27), 
then  diluted  to  2  liters  with  water;  to  this  solution  are  added  two  liters  of  a  1.5 
per  cent  solution  of  potassium  permanganate,  stirring  constantly  (with  fish 
oils  it  is  necessary  to  cool  to  0°  and  a  0.5  per  cent  solution  should  he  used). 
After  standing  10  minutes,  aqueous  sulphurous  acid  is  added  to  dissolve  com- 
pletely the  precipitated  manganese  dioxide. 

(a)  The  Oxidation  Products  Insoluble  in  Water.  The  precipitate  formed 
by  the  mineral  acids  may  contain  unattacked  fatty  acids,  dioxystearic  acid 
and  sativic  acid. 

The  unoxidized  acids  in  the  precipitate  are  easily  separated  from  the  oxidized 
acids  with  naphtha  (boiling  point  under  50°),  which  does  not  dissolve  oxyacids. 
The  undissolved  acids  are  treated  with  ether  at  room  temperature  (for  20  grams 
acid,  2  liters  of  ether).  Dioxystearic  acid  goes  into  solution;  it  is  purified  by 
repeated  recrystallization  from  96  per  cent  alcohol;  sativic  acid  remains  un- 
dissolved, and  is  crystallized  from  hot  water.  Traces  of  dioxystearic  acid  some- 
times remain  insoluble  in  the  water. 

O)  Oxidation  Products  Soluble  in  Water.  The  filtrate  from  the  precipi- 
tate, which  may  contain  linusic  acid  and  iso-linusic  acid,  is  neutralized  with 
KOH,  evaporated  to  ^  its  volume  and  acidified.  The  flocculent  brown  pre- 
cipitate forming  in  the  presence  of  the  latter  acid  is  extracted  dry  with  ether 
to  remove  azelaic  acid  and  other  secondary  oxidation  products.  The  insoluble 
acids  are  recrystallized  from  alcohol.  Microscopic  examination  of  the  crystals 
may  determine  whether  only  linusic  or  also  iso-linusic  acid  is  present;  the 
former  gives  truncated  rhombic  plates,  the  latter  gives  needles.  The  two  can 
be  separated  by  recrystallization  from  a  little  water;  iso-linusic  acid  remains 
in  the  mother  liquor. 

The  method  described  gives  only  approximately  quantitative  results  re- 
garding the  composition  of  a  mixture  of  liquid  acids  since  a  part  of  the  acids 
used  undergo  deep-seated  changes. 

3.  Determination  of  the  Liquid  Acids  by  Means  of  the  Bromine 
Addition  Products.    The  unsaturated  acids  in  mixtures  may  be 

*  Monatshefte,  1887, 147, 156, 260;  1888, 180, 198, 469, 941, 947;  1889, 190. 
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characterized  by  their  different  behavior  towards  bromine.*  By 
the  action  of  an  excess  of  bromine  the  following  products  are 
obtained: 

linolenic  acid  gives  hexabromstearic  acid,  melting  point  180-181°; 
isolinolenic  gives  liquid  hexabromstearic  acid; 
linolic  acid  gives  tetrabromstearic  acid,  melting  point  113-114°; 
oleic  acid  gives  liquid  dibromstearic  acid. 

From  the  strongly  unsaturated  acids  are  formed  octo-brom  de- 
rivatives. 

The  brominated  acids  show  considerable  differences  in  solubility 
(see  page  331  and  page  354). 

(a)  Bromination  According  to  Hehner  and  Mitchell  0.3  grain  of  fatty 
acid  is  dissolved  in  10  c.c.  of  glacial  acetic  acid;  the  solution  is  cooled  to  5°  and 
bromine  added  drop  by  drop  until  the  red  color  persists.  After  standing  3 
hours  at  5°  it  is  filtered  through  asbestos  or  a  pleated  filter  and  washed  in  suc- 
cession with  5-c.c.  portions  of  cooled  glacial  acetic  acid,  alcohol  and  ether. 
There  remains  in  solution  dibromstearic  acid;  the  mixture  of  hexabrom-  and 
tetrabrom-stearic  acid  is  insoluble.  This  mixture  is  dried,  weighed  and  its 
bromine  content  determined.  Since  a  hexabromide  should  contain  by  theory 
63.32  per  cent  and  a  tetrabromide  53.33  per  cent  bromine,  the  amounts  of  the 
separate  acids  may  be  calculated  from  the  following: 

x  +  V  -  100 

where  x  is  the  per  cent  of  hexabromide,  y  that  of  the  tetrabromide  and  B  the 
per  cent  of  bromine  in  the  crude  mixture.  The  melting  point  of  the  mixture 
should  be  about  175-180°.  1  gram  tetrabromstearic  acid  corresponds  to 
0.4666  gram  linolic,  while  1  gram  of  hexabromstearic  acid  corresponds  to  0.3667 
gram  of  linolenic  acid.  If  the  fatty  acids  from  oils  of  marine  animals  are 
under  examination,  the  precipitate  will  contain  also  some  octo-bromstearic 
acid  besides  the  tetra-  and  hexa-acids.  The  octa-acids  can  be  recognized  by 
having  a  melting  point  over  180°  and  by  blackening  at  200°.  In  the  presence 
of  octa-bromide  the  content  of  tetrabromide  cannot  be  estimated  by  deter- 
mining the  bromine.  If  a  mixture  of  hexa-  and  octa-bromides  is  suspected« 
the  bromides  are  separated  by  boiling  with  benzol  in  which  the  octa-bromide 
is  insoluble. 

iß)  Bromination  by  the  Method  of  Farnstemer.  To  identify  linolic  acid 
in  the  presence  of  oleic  and  in  a  mixture  free  from  linolenic  acid,  1  gram  of  acid 
in  10  c.c.  of  chloroform  (or  the  filtrate  from  a,  containing  dibromoleic  acid  and 
tetrabromlinolic  acid)  is  treated  with  1  gram  of  bromine  in  10  c.c.  of  chloroform; 
after  several  hours'  standing,  the  solvent  is  distilled  and  the  residue  treated 
with  low  boiling  (35-68°)  naphtha  in  which  the  dibromide  is  easily,  the  tetra- 

.  *  Hazura,  Monatshefte,  1887,  463,  472;  Hehner  and  Mitchell,  Analyst, 
1888,  313;  Farnsteiner,  Ztschr.  f.  Unt.  d.  Nahr.-u.  Genussmit.,  1899,  1. 
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bromide  only  slightly,  soluble.  On  cooling  the  naphtha  solution,  the  tetra- 
bromide  will  almost  completely  precipitate  and  can  be  identified  by  the  melting 
point  of  113-114°  and  molecular  weight  of  600. 

Both  of  the  methods  described  require  further  study. 

4.  Separation  of  Linolic  and  Linolenic  Acids  from  Oleic  Acid 
According  to  Farnsteiner.*  Barium  oleate  is  little  soluble  in 
cold  aqueous  benzol-alcohol,  while  the  barium  salts  of  unsaturated 
acids  CnHjn-iOz  and  CnH2n-^02  are  easily  soluble.  By  means 
of  this,  Farnsteiner  found  oleic  acid  in  linseed  oil  (Mulder  had 
previously  assumed  it  present). 

5.  Hydrogen  Value,  Preparation  and  Determination  of  the  Con- 
stitution of  Linseed  Acids  According  to  Erdmann  and  Bedford.f 
According  to  these  authors  a  modification  of  the  method  of  Sabatier 
and  Senderens  X  is  used  to  add  hydrogen  quantitatively  to  liquid 
acids  (which  do  not  easily  volatilize  or  which  decompose  on 
volatilization)  or  their  esters.  The  weighed  substances  to  be 
reduced  are  dropped  through  a  vertical  glass  tube  heated  to  170- 
200°  and  filled  with  pumice  stone  covered  with  prepared  nickel,  a 
stream  of  hydrogen  (measured)  passing  at  the  same  time.  After 
the  treatment  in  the  presence  of  the  catalytic  agent,  nickel,  the 
excess  hydrogen  is  quantitatively  determined  by  changing  it  into 
water  as  in  an  elementary  analysis.  The  hydrogen  number  is 
given  as  the  amount  of  hydrogen  absorbed  by  100  grams  of  sub- 
stance. 

Oleic  acid  was  thus  quantitatively  converted  into  stearic  acid, 
crotonic  ethyl  ester  into  the  ethyl  ester  of  butyric  acid  and  the 
ethyl  esters  of  linolic  acids  into  the  ethyl  ester  of  stearic  acid.  This 
latter  transformation  shows  that  linolic  acids  contain  a  normal 
straight  carbon  chain. 

The  acid  in  linseed  oil  which  gave  a  solid  hexabromide  (M.  P. 
179°)  was  called  a-linolenic  acid;  from  the  amount  of  bromide  and 
of  the  ethyl  ester  of  linolenic  acid  (22.3  per  cent)  they  calculated 
that  15.3  per  cent  of  linolenic  acid  was  present  in  the  acid.  The 
authors  prepared  the  potassium  and  barium  salts,  as  well  as  the 
ethyl  ester,  of  the  hexabromstearic  acid. 

The  bromine  of  the  hexabrom-acid  and  ester  is  easily  removed 

*  Ztschr.  f.  Unters,  d.  Nahr.  u.  Genussmit.,  1899,  1;  1903,  161. 
t  Ber.,  42,  1324  (1909);  Inaugural  Dissertation  of  Bedford  "Ueber  die 
ungesättigten  Sauren  des  Leinöls." 
t  Ann.  chim.  phys.,  4,  319  (1905). 
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by  treatment  with  feathered  zinc  and  alcohol;  in  the  former  case 
some  zinc  salt  and  some  ethyl  ester  of  linolenic  acid  are  formed. 
From  the  mixture  precipitated  with  water,  the  zinc  is  removed 
with  sulphuric  acid;  the  separated  oil  is  saponified.  The  separated 
acids  are  dried  in  ether  solution  with  anhydrous  sodium  sulphate 
and  distilled  in  vacuum.  The  acid  passes  at  0.001-0.002  mm. 
pressure  (with  a  75  mm.  column  of  vapor)  between  157°  and  158° 
as  a  colorless  oil  with  not  unpleasant  odor.  The  linolenic  acid 
obtained  by  reduction  of  the  hexabromide  is  a  mixture  of  a-  and 
ß-  linolenic  acids. 

E.  Erdmann,  Bedford  and  Raspe,*  using  the  method  of  Harries,t 
were  able  to  convert  the  Unseed  acid  (like  oleic  acid),  according  to 
the  solvent  (hexahydrotoluol  or  chloroform),  into  a  normal  ozonide 
with  9  atoms  of  oxygen  or  into  linolenic  acid  ozonide  peroxide 
with  10  atoms  of  oxygen  per  gram  molecule.  The  peroxide  of 
ar  (and  of  ß-)  linolenic  acid  ozonide  gives  on  treatment  with 
water  the  half  aldehyde  of  azelaic  acid.  Similar  changes  took 
place  with  the  ethyl  ester.  The  ozonide  peroxides  of  the  esters 
have  different  velocities  of  decomposition  in  water  but  give  the 
same  products,  a-  and  ß-  linolenic  acids  are  stereoisomers  like 
oleic  and  elaidic  acids. 

(d)  Separation  of  Solid  Acids  from  Each  Other.  1.  Frac- 
tional Precipitation  According  to  Heintz.|  If  an  alcoholic  solution 
of  a  mixture  of  saturated  fatty  acids  is  fractionally  precipitated 
with  magnesium  acetate,  the  magnesium  salts  of  the  acids  of  high 
carbon  content  are  first  precipitated.  By  systematic  precipitation 
of  the  various  fractions,  acids  with  decreasing  molecular  weights 
are  obtained.  The  method  is  especially  applicable  to  acids  which 
form  constant  melting  mixtures,  such  as  the  molecular  mixture  of 
stearic  and  palmitic  acids,  known  formerly  as  margaric  acid. 
Heintz  showed  it  to  be  a  mixture  by  this  method.  The  datura 
acids  of  Gerard  from  datura  oil  and  the  acid  of  formula  C17H34O2 
from  palm  oil,  found  by  Nordlinger,  were  shown  §  to  be  mixtures 
of  at  least  three  acids;  recently,  however,  Meyer  and  Beer,||  by  ex- 

*  Ber.,  42,  1334  (1909). 
t  Ber.,  89,  3667  (1906). 
t  J.  f.  prakt.  Chem.,  1856,  3. 

§  Holde,  Ubbelohde  and  Marcuason,  Mitteilungen,  23,  36  (1905);  Ber., 
88,  1247  (1905). 

||  Monatshefte,  33,  311  (1912). 
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haustive  fractionation  of  lithium  salts,  proved  the  presence  of  2.5 
per  cent  of  an  acid  C17H34O2  in  datura  oil  (see  below)  which  was 
identical  with  margaric  acid  as  prepared  by  Kraff t  and  had  a  melt- 
ing point  of  59-^59.5°. 

1.5  grams  of  the  acid  are  dissolved  in  alcohol  and  precipitated  hot  by  an 
alcoholic  solution  containing  from  0.04  to  0.05  gram  of  magnesium  acetate. 
After  separating  the  precipitate,  the  free  acid  in  the  filtrate  is  neutralized 
with  ammonia  and  then  again  a  like  amount  of  magnesium  acetate  is  added. 
In  crystallizing,  the  temperature  should  not  be  too  low  since  otherwise  some 
fatty  acid  will  also  precipitate.  The  acids  are  liberated  from  the  separate 
precipitates  and  tested  for  melting  point  and  molecular  weight.  A  quanti- 
tative separation  by  this  method  is  not  possible  but  if  two  definite  acids  have 
been  detected,  the  per  cent  of  each  can  be  calculated,  the  molecular  weight  of 
each  and  that  of  the  mixture  being  known. 

Meyer  and  Beer  used  the  following  method: 

100  grams  of  oil  were  emulsified  with  500  c.c.  of  95  per  cent  alcohol,  treated 
at  boiling  temperature  with  10  grams  lithium  oxide  in  30  c.c.  of  water  and  boiled 
one  hour  under  a  reflux  condenser.  The  lithium  salts  separating  on  cooling 
were  sucked  dry,  washed  with  alcohol  and  freed  from  unsaturated  acids  by  the 
method  of  Farnsteiner  (see  page  304)  by  the  use  of  lead  salts.  The  lead  salts 
were  rubbed  up  with  concentrated  hydrochloric  acid,  put  into  hot  water  and 
heated.  The  acids  obtained  on  cooling,  washing,  drying  and  powdering  (140 
grams)  were  dissolved  in  06  per  cent  alcohol  and  shaken  with  5  c.c.  of  a  10  per 
cent  alcoholic  lithium  acetate  solution  and  a  few  drops. of  ammonia  water. 
The  salts  separating  cold  were  washed  with  cold  alcohol,  treated  with  hydro- 
chloric acid,  washed  free  from  mineral  acid  and  recrystallized  from  75  per  cent 
alcohol.  When  the  lithium  acetate  gave  no  more  precipitate,  then  magnesium 
acetate  and  finally  barium  acetate  was  used  to  bring  about  precipitation.  All 
fractions  melting  at  59-59.5°  with  a  molecular  weight  of  269.2-271.4  were 
united  and  again  fractionally  precipitated  with  lithium  acetate,  every  precipi- 
tate after  decomposition  being  fractionated  from  alcohol,  and  every  single 
partial  fraction  recrystallized  from  petroleum  ether  and  benzol.  Melting 
point  and  molecular  weight  remained  unchanged,  likewise  after  fractionation 
with  magnesium  and  barium  acetates.  For  this  reason  it  seems  likely  that 
daturic  acid  is  really  a  chemical  individual,  namely,  heptadecylic  acid,  of  melt- 
ing point  59.5-60°  and  with  a  molecular  weight  270.3,  these  being  the  same 
values  obtained  by  Krafft  *  with  synthetic  heptadecylic  acid. 

2.  Fractional  Distillation  in  a  Vacuum.  Fractional  distilla- 
tion is  a  much  more  rapid  method  of  separating  the  components  of 
a  mixture.  Generally  a  vacuum  of  15  mm.  is  sufficient  but  at 
times  decomposition  of  acids  will  occur.  This  can  be  entirely  pre- 
vented by  distillation  in  an  absolute  vacuum,!  obtained  by  using  a 

*  Ber.,  12,  1672  (1879). 

t  Krafft,  Ber.,  15, 1692  (1882);  22,  816  (1889). 
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mercury  pump.*    The  rotating  oil  pump  of  Dr.  Gaede-Freiberg 
is  to  be  recommended  for  vacuum  distillations. 

Boiling  Points  of  Higher  Saturated  Fatty  Acids 

in  an  Absolute  Vacuum 

Laurie  acid 102°  C. 

Myristic  acid   121-122.°C 

Palmitic  acid    138-139°C 

Stearic  acid 154. 5-155. 5°C 

3.  Holland  t  esterifies  100  c.c.  of  fatty  acid  by  boiling  for  half 
an  hour  with  100  c.c.  of  alcohol  and  10  c.c.  of  cone,  hydrochloric 
acid;  the  esters  are  then  separated  by  vacuum  distillation.  To 
decompose  the  esters,  a  glycerine  solution  of  alkali  is  used.  In 
the  dissolving  and  crystallizing  of  the  fatty  acids,  care  must  be 
taken  to  prevent  esterification. 

4.  Morelli  J  considers  a  separation  of  stearic,  palmitic  and  oleic 
acids  possible  through  the  differing  solubility  of  their  hydroxamic 
acids.  The  hydroxamic  acids  were  first  obtained  §  by  the  action 
of  hydroxylamine  on  esters  (of  monatomic  alcohols).  The  glyc- 
erides  act  similarly. 

C«H*  •  COOCÄ  +  NH2OH  -»  CäCONOHJOH  +  CÄOH. 

(e)  Preparation  of  Pure  Glycerides  of  Saturated  Acids  from  Natural  Fats. 
1-2  grams  of  fat  ||  are  dissolved  in  2  or  3  volumes  of  ether,  chloroform  or  benzol 
and  from  this  solution,  four  portions  are  crystallized  by  gradually  lowering  the 
temperature.  Each  fraction  is  in  turn  separated  into  four  fractions. »  In- 
stead of  lowering  the  temperature,  the  solubility  may  also  be  decreased  by 
adding  alcohol.  Fractions  melting  within  5°  are  to  be  united.  To  separate 
the  glycerides  containing  oleic  acid,  the  products  are  treated  with  Wijs  IC1  in 
glacial  acetic  acid  If  whereby  the  oleic  derivatives  are  changed  to  IC1  derivatives. 
The  purified  glycerides  are  then  fractionally  dissolved,  by  which  method  tri- 
stearin  was  obtained  as  the  least  soluble  glyceride  of  mutton  tallow. 

To  obtain  other  glycerides,  the  mother  liquors  obtained  by  fractional  preci- 
pitation (in  so  f ar  as  they  contain  glycerides  of  the  same  melting  point)  are 
united  and  the  substances  again  fractionally  precipitated.  The  difference  in 
melting  point  is  two  degrees  in  the  first  fractionation  and  becomes  one  degree 
in  the  second  fractionation  and  0.5  in  the  third  and  fourth.    To  determine  the 

♦  Ubbelohde,  Zeit.  f.  angew.  Chem.,  19,  2240  (1906). 

f  Zeit.  f.  angew.  Chem.,  24,  1054  (1911). 

t  Chem.  Zentralblatt,  12,  1019  (1908). 

§  Jeanrenaud,  Ber.,  22,  1270  (1889). 

||  Bomer,  Zeit.  f.  Unt.  d.  Nahr.  u.  Genussmit.,  If,  353-396  (1909). 

1  Kreis  and  Hafner,  ibid.,  7,  641. 
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melting  point,  tbe  glycerides  separating  from  solution  are  to  be  used.  The 
glycerides  thus  obtained  may  be  considered  as  pure  when  they  no  longer  give 
the  halogen  reaction  with  copper  oxide  and  when  the  melting  points  of  the 
substances  crystallized  from  benzol  and  from  the  solidified  fused  mass  are  the 
same. 

X.  Determination  of  the  Fat  Content  of  Seeds,  Oil- 
Cakes,  etc. 

For  extraction  of  fats  by  solvents,  carbon  disulphide,  naphtha, 
carbon  tetrachloride  and  trichlorethylene  are  used  industrially. 
The  last  two  are  not  combustible;  trichlorethylene  attacks  metals 
less  easily  than  does  carbon  tetrachloride.  These  chlorinated 
bodies  have  a  specific  gravity  decidedly  higher  than  naphtha,  thus 
making  the  weight  of  a  given  amount  of  solvent  greater,  and  for  a 
given  volume  a  greater  weight  must  be  used.  On  the  other  hand 
the  heat  of  vaporization  and  the  heat  capacity  of  the  chlorinated 
bodies  is  less. 


Carbon  disulphide 

Naphtha 

Carbon  tetrachloride 

Trichlorethylene  (specific  gravity 
1.47) 


Boiling 

point 

•C 


46.5 

60-100 
76.5 

88.0 


8peci6o  heat 
capacity 


0.157 
0.401 
0.131 


Latent  heat 
of  vaporization 


79.9 
92  3 
46.6 


In  the  laboratory  the  amount  of  oil  in  seeds  is  determined  as  follows:  100 
grams  of  finely-ground,  air-dried  material  are  extracted  in  an  S.  &  S.  extraction 
thimble  (see  page  35)  with  petroleum  ether  or  carbon  tetrachloride;  this  may 
take  6  hours.  Very  fatty  or  gummy  substances  may  be  mixed  to  advantage 
with  sand;  or  after  extraction  of  nearly  all  the  oil,  the  mass  is  reground  to 
open  up  the  last  cells  containing  oil.  If  ethyl  ether  is  used  it  is  better  to  dry 
the  substance  previously  and  then  use  anhydrous  ether,  since  moist  seeds  or 
cakes  easily  give  up  impurities  to  the  ether.  Materials  containing  drying  oils 
must  be  carefully  dehydrated  (linseed  or  cakes)  since  the  oils  at  high  tempera- 
ture or  too  long  heating  become  partially  insoluble.  The  extracts  of  samples 
not  thoroughly  dried  are  often  dark  in  color  and  contain  resinous  material. 

After  extraction,  the  solution  is  filtered,  distilled  and  the  residue  of  crude 
fat  dried  and  weighed.  Table  64  (page  290)  gives  some  data  regarding  the  fat 
content  of  certain  seeds.  Since  ether  dissolves  some  non-fatty  substances 
besides  some  water  from  moist  materials,  after  distilling  off  the  ether,  the  fat 
is  separated  from  these  bodies  by  solution  in  petroleum  ether.  Since  fats  with 
high  iodine  values  cannot  be  dried  at  105°  without  change  of  substance,  a 
stream  of  hydrogen  is  passed  over  the  fat  during  the  drying. 
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XI.  External  Appearance  of  the  Fat 

The  external  appearance  of  fatty  oils  is  of  even  greater  impor- 
tance in  estimating  their  purity  than  is  the  case  with  mineral 
oils. 

(a)  Color,  Transparency  and  Fluorescence.  The  oils  in  a  15 
mm.  layer  in  a  test  tube  appear  yellow,  green  or  brown-yellow  and 
are  almost  always  transparent.  Crude  cottonseed  oil  is  dark 
brown  to  green-black.  The  purified  oils  according  to  the  degree 
of  refining  and  bleaching  are  water-white  to  light  yellow.  With 
certain  samples  of  pure  fatty  oils  (peanut  oil)  a  noticeable  blue 
fluorescence  may  be  seen  on  the  edge  of  the  liquid;  this  might 
lead  one  to  suspect  mineral  oils.  In  general,  however,  the  fatty 
oils  (except  for  the  strongly  boiled  linseed  oils)  are  free  from  flu- 
orescence. 

(b)  The  consistency  of  the  fats  at  room  temperature  depends  on 
the  content  of  liquid  or  solid  fatty  acids  or  their  glycerides.  Tal- 
low, lard  and  palm  oil  are  solid  at  ordinary  temperatures;  they  con- 
tain considerable  amounts  of  solid  fatty  acids  (stearic  and  palmitic). 
Olive,  almond,  linseed,  cottonseed  and  castor  oils,  contain  mainly 
glycerides  of  liquid  fatty  acids,  oleic,  linoleic,  linolenic,  ricinolic, 
etc.,  and  are  therefore  liquid  at  room  temperature.  Those  liquid 
oils  which  contain  large  amounts  of  solid  fatty  acids  in  the  form  of 
high-melting  glycerides  or  in  the  free  condition  (for  example, 
unpressed  peanut  oil  and  bone  oils)  solidify  when  the  temperature 
is  lowered  only  slightly.  On  the  other  hand,  in  spite  of  a  con- 
siderable content  of  solid  fatty  acids  (stearic  and  palmitic)  an  oil 
may  be  liquid,  if  the  mixed  glycerides  are  present. 

(c)  Odor  and  Taste.  These  are  often  of  importance  in  char- 
acterizing oils;  the  fish  oils  are  the  most  easily  detected  in  this 
way.  Consequently  in  order  to  make  fish  oils  capable  of  being 
used  for  soap,  methods  have  been  devised  to  remove  their  un- 
pleasant odors.  The  odorous  substances  are  fatty  acids  and 
amines  of  low  molecular  weight;  the  fatty  acids  can  be  removed 
by  vacuum  distillation,  the  amines  by  means  of  sulphuric  acid. 
To  remove  the  bad  smelling  clupanodonic  acid  see  page  289. 

The  odor  depends  not  only  on  the  source  of  the  oil  but  also  on 
its  age  and  the  method  of  preparation.  Animal  oils  have  stronger 
odors  than  vegetable  oils,  so  that  in  mixtures  the  latter  may  be 
entirely  concealed. 
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XII.   Physical  Tests 

(a)  Solubility.  All  oils  and  fats  are  easily  soluble  in  ethyl 
ether,  chloroform,  carbon  disulphide  and,  with  the  exception  of 
castor  oil,  also  in  petroleum  ether  and  mineral  oils.  Most  of  the 
fats  are  only  slightly  soluble  in  absolute  alcohol;  the  solubility 
becomes  greater  as  the  amount  of  fatty  acid  contained  becomes 
greater,  fatty  acids  being  easily  soluble  in  alcohol.  As  a  conse- 
quence, commercial  palm  fat,  which  is  often  almost  completely 
split  into  fatty  acid,  is  easily  soluble  in  alcohol.  Moreover,  castor 
oil  and  grape-seed  oil  are  soluble  in  all  proportions  in  alcohol. 
Dolphin  oil  and  porpoise  oil,  as  well  as  butter  fat  and  similar  fats 
and  oils,  which  contain  glycerides  of  acids  of  low  molecular  weight, 
are  generally  appreciably  soluble  in  alcohol.  The  differing  solu- 
bilities of  the  fats  in  alcohol  and  in  glacial  acetic  acid  may  be  used 
to  a  certain  degree  in  analytical  work. 

The  best  solvents  for  fats  are  chloroform  and  carbon  tetra- 
chloride and  these  are  used  in  chemical  cleansing  establishments 
for  removing  old  grease  spots,  etc.;  unfortunately  these  are  also 
the  most  expensive.  The  present  tendency  of  the  trade  is  to  re- 
place the  highly  inflammable  solvents  for  fats,  such  as  naphtha, 
benzol  and  carbon  disulphide,  with  the  practically  incombustible 
carbon  tetrachloride  and  trichlorethylene.  In  practice,  the  former 
has  the  disadvantage  of  gradually  attacking  the  metal  apparatus, 
especially  copper;  and  furthermore  both  of  the  chlorinated  bodies 
have  a  high  specific  gravity  and  are  therefore  more  expensive, 
volume  for  volume. 

(b)  Specific  Gravity  and  Coefficient  of  Expansion.  The  specific 
gravity  of  fats  ranges  from  0.913  to  0.996.  The  non-drying  oils, 
such  as  olive  oil  and  neat's-foot  oil,  as  well  as  the  cruciefers,  rape- 
seed  and  mustard  oils,  have  the  lowest  specific  gravity,  0.913- 
0.916.  The  specific  gravity  increases  quite  regularly  with  the 
iodine  number.  Castor  oil,  grape-seed  oil  and  croton  oil,  because 
of  their  peculiar  composition,  have  the  highest  specific  gravity 
observed  in  liquid  fats,  0.955-0.9734.  Solid  fats  have  specific 
gravities  ranging  from  0.920  to  0.970.  Liquid  waxes  have  values 
between  0.876  and  0.883,  while  those  of  solid  waxes  fall  in  between 
0.960  and  0.999. 

The  specific  gravity  of  liquid  products  is  determined  as  de- 
scribed on  page  97;  solid  fats  and  waxes  are  tested  by  the  alcohol- 
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flotation  method  of  page  100  or  by  means  of  the  Westphal  balance, 
generally  at  100°,  as  shown  in  the  diagram  (Fig.  36).  The  Spren- 
gel pycknometer  (Fig.  35)  is  also  used. 

The  specific  gravity  of  salve-like  and  solid  substances  is  determined  at 
ordinary  temperature  by  the  method  of  Gintl  (Fig.  98).    Tbe  glass  vessel 

closed  at  the  bottom  is  8  mm.  in  diameter  and  20  mm.  high; 
it  is  filled  with  the  melted  sample,  allowing  it  to  heap  up 
over  the  top.  The  glass  cover  has  a  ground-in  groove.  The 
pycknometer  and  cover  are  then  fastened  in  the  gilded  clamp 
by  means  of  the  screw;  the  excess  of  substance  squeezed 
out  is  wiped  off  with  a  piece  of  cloth  dipped  in  naphtha. 


The  coefficient  of  expansion  of  fatty  oils  and 

waxes,  which  is  of  importance  in  the  calculation  of 

the   specific   gravity,    ranges   from   0.000654   to 

0.000838.    The  change  of  the  specific  gravity  with 

Fiq.  98.        ^e  temperature  (sp.  gr.  X  coefficient  of  expansion) 

is  on  the  average  ±0.0007  for  one  degree  change 

in  temperature.    In  Table  67  are  given  the  recalculation  factors 

for  several  fats  and  waxes.* 

TABLE  67 


Material 

Factor  for  1* 
rise  in  temp. 

Material 

Factor  (or  1" 
rise  in  temp. 

Cottonseed  oil 

0  000677 
0  000838 
0.000664 
0.000675 
0  000734 
0.000772 
0.000671 
0.000686 
0.000685 
0.000690 
0.000698 
0.000744 
i 

Olive  oil 

"  0.000729 

Beeswax 

Palm-nut  oil 

0.000701 

Butter 

Palm  oil 

0.000727 

Arachis  (peanut)  oil — 
Janan  wax 

Castor  oil 

0.000690 

Seal  oil 

0.000654 

Cocoa  butter 

Rapeseed  oil 

0.000675 

Neat's-foot  oil 

Lard  oil 

0  000703 

Cocoanut  oil 

Sesame  oil 

0.000687 

Cod-liver  oil 

Sunflower  oil 

0.000746 

Linseed  oil 

Sperm  oil 

Tallow 

Whale  oil 

0  000815 

Menhaden  nil 

0.000727 

PoDDv-seed  oil 

0.000745 

(c)  Melting  Point.  Since  the  fats  are  complicated  mixtures, 
their  melting  points  are  not  so  sharp  as  those  of  definite  chemical 
substances.  On  warming,  the  fats  soften,  become  translucent  and 
finally  clear  when  melted;  but  since  these  changes  are  not  sharp, 
the  beginning  and  end  of  the  melting  are  determined. 

The  fat  is  first  melted,  then  cooled  to  solidify,  stirring  constantly 

*  Ubbelohde,  Bd.  I.,  309. 
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to  obtain  a  uniform  mixture.  Small  portions  are  taken  by  means 
of  a  pulled-out  glass  rod  and  introduced  into  a  glass  capillary  tube, 
1  mm.  in  diameter.  The  tube  thus  prepared  is  allowed  to  stand 
at  least  a  day  since  otherwise  the  melting  point  may  appear  too 
low  (due  to  the  previous  melting).  The  capillary  is  fastened  to  a 
thermometer  with  a  rubber  band,  the  fat  being  placed  at  the  height 
of  the  bulb;  the  thermometer  is  supported  in  a  3-cm.  test  tube 
by  a  cork  stopper,  the  test  tube  being  placed  in  a  beaker  contain- 
ing water.  By  this  arrangement  the  material  may  be  warmed 
without  superheating.  In  the  neighborhood  of  the  melting  point, 
the  temperature  is  allowed  to  change  only  very  slowly.  The  be- 
ginning of  melting  is  shown  by  sintering  of  fat  on  the  edges;  as 
the  end-point  is  taken  the  temperature  at  which  the  fat  becomes 
transparent. 

(d)  Solidification  Point  or  Titer  Test  1.  Liquid  Fats.  The 
solidification  point  of  fatty  oils  is  determined  only  in  test  tubes 
(see  page  127)  not  in  a  U-tube.  In  general,  stirring  of  fatty  oils 
favors  their  solidification;  in  which  respect  they  differ  in  property 
from  mineral  oils.  To  prevent  supercooling  in  testing  fatty  oils, 
at  least  one  sample  should  be  stirred,  at  intervals,  with  a  glass  rod. 

The  solidification  temperatures  of  various  oils  are  given  in  Tables 
77  to  82. 


a 
0 


Time 
Fig.  99. 

2.  Solid  Fats.  In  analytical  work,  the  solidification  point 
of  fatty  acids,  less  frequently  that  of  the  fat  itself,  is  used.  As 
the  solidification  point  is  taken  that  temperature  at  which  the 
cooling  fat  remains  constant  for  some  time  because  of  the 
liberated  heat  of  fusion.    Three  cases  may  arise  (see  Fig.  99). 

I.  The  temperature  drops  to  a  point  a,  remains  constant  at  this 
point  for  some  time  and  then  drops  further  (solidification  point  is  a). 
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II.  The  temperature  drops  to  the  point  6,  rises  quite  rapidly  to 
c,  remains  constant  for  some  time  and  then  falls  again  (solidifica- 
tion point  is  c). 

III.  The  temperature  drops  to  the  point  d,  rises  quite  rapidly 
to  e  and  then  drops  again  (e  is  the  solidification  point). 

(a)  The  Dalican  Method  is  much  used  in  England,  France  and  America. 
50  grams  of  fat  are  saponified  (see  page  342)  with  alcoholic  potash;  after 
evaporation  of  the  alcohol  and  solution  of  the  soaps  in  water,  the  fatty  acids 
are  precipitated  by  adding  dilute  sulphuric  acid,  the  solution  being  then  heated 
so  that  the  fatty  acids  separate  as  an  oily  layer  on  top.  They  are  separated 
by  means  of  a  separatory  funnel  and  washed  free  from  mineral  acid  with  hot 
water.  On  heating  the  fatty  acids  on  a  water  bath,  some  water  and  impurities 
separate;  the  warmed  acids  are  then  filtered  through  a  dry  paper  in  a  hot- 
water  funnel.  A  test  tube  3.5  cm.  wide  and  16  cm.  long  is  half  filled  with 
these  acids  and  then  supported  in  the  neck  of  a  wide-mouth  bottle  of  colorless 
glass;  a  tenth-degree  thermometer  is  then  introduced  with  its  bulb  in  the  cen- 
ter of  the  mass  of  fatty  acids.  As  soon  as  solidified  particles  appear  in  the 
bottom  of  the  tube  the  fat  is  stirred  with  the  thermometer  three  times  to  the 
right,  three  times  to  the  left,  without  touching  the  sides,  the  thermometer 
being  carefully  observed  meanwhile.  The  temperature,  which  is  to  be  noted 
at  intervals  of  say  one  minute,  will  first  fall,  then  remain  constant  for  some 
time  or  rise  suddenly  to  a  maximum,  at  which  it  remains  stationary  for  some 
time,  from  which  it  again  falls.  The  point  at  which  it  remains  stationary  is 
the  titer  or  solidifying  point  of  the  fatty  acids. 

The  thermometer  is  divided  into  tenths  of  a  degree  from  10°  to 

60°.    The  10°  mark  should  be  3  to  4  cm.  above  the  bulb,  which,  in 

turn,  should  be  3  cm.  long  and  6  mm.  thick. 

0)  The  Method  of  Wolfbauer  is  used  mainly  in  Austria.  In  this  method 
the  dried  fatty  acids  (prepared  in  the  usual  manner)  are  run  into  a  test  tube 
3.5  cm.  wide,  15  cm.  high,  up  to  within  1.5  cm.  from  the  top,  the  test  tube 
being  fixed  in  a  wide-mouthed  bottle  of  colorless  glass.  The  cooling  mixture 
is  stirred  with  the  thermometer  till  the  originally  clear  liquid  becomes  opaque. 
From  this  point  on  the  mercury  is  watched,  its  constant  reading  being  taken 
as  the  solidification  point. 

(7)  Method  of  Shukoff,  see  page  277. 

(5)  Method  of  Finkener.*  In  the  methods  from  a  to  7  the 
solidification  point  is  determined  after  stirring  of  the  material; 
while  in  the  Finkener  method  which  is  used  in  Germany  by  the 
customs  officials  to  distinguish  between  tallow,  lard  and  candle 
materials,  the  solidification  point  is  determined  in  the  previously 
unstirred  mass. 

If  the  solidification  point  is  under  30°  the  material  is  a  lard-like 

♦  Mitt.,  7,  27  (1889);  8,  153  (1890);  Chem.  Ztg.,  20,  132  (1896). 
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fat,  if  it  lies  between  30°  and  45°  the  body  is  called  a  tallow,  and  if 
it  comes  over  45°  the  material  is  classified  as  candle  material. 
However,  pressed  tallow,  which  is  declared  as  such,  even  though 
it  has  a  solidification  point  of  50°,  is  classified  as  tallow  if  it  con- 
tains not  more  than  five  per  cent  of  free  fatty  acid. 

The  Finkener  apparatus  consists  of  a  rectangular  wooden  box  with  cover 
(Fig.  100)  in  which  a  glass  flask  of  49-50  mm.  wide  bulb  is  placed  on  a  cork 
block;  the  flask  carries  a  ground-in  thermometer.  The 
(at  or  fatty  acid  (separated  as  in  a  above)  is  kept  molten 
for  ten  minutes  in  a  porcelain  dish  on  a  water  bath  until 
clear  and  is  then  poured  into  the  flask  up  to  the  mark, 
placed  in  the  box,  the  cover  put  on  and  the  temperature 
readings  taken  at  intervals  of  two  minutes. 

With  hard  fata  the  mercury  begins  to  fall  slowly, 
then  remains  stationary  for  several  minutes,  then  rises 
to  a  maximum  and  then  sinks  again.  The  maximum 
is  the  solidification  point.  With  softer  fats,  the  tem- 
perature remains  constant  for  some  time  at  the  solid- 
ification point,  and  then  sinks  without  again  reaching 
this  temperature.  In  cases  of  doubt,  the  fat  is  remelted 
in  the  flask  and  the  operation  repeated.  A  regulation 
of  the  temperature  is  necessary  only  when  it  is  much 
different  from  room  temperature.  The  cooling  of  the  fat 
from  100°  to  50°  takes  about  45  minutes. 

The  Finkener  method  has  the  advantages  of 
protecting  the  fatty  material  against  the  tem- 
perature  effect   of   the   outside   air   and    also 
allowing  the  carrying  on  of  several  determinations  at  the  same  time ; 
furthermore  the  dimensions  of  the  apparatus  and  the  position  of 
the  thermometer  in  the  ground  joint  are  fixed. 

Comparisons  *  show  that  results  of  the  methods  of  Wolfbauer 
and  of  Shukoff  are  identical,  while  those  of  Dalican  are  somewhat 
lower  (Tables  68  and  69). 

TABLE  68 


Fig.  100. 


Tile 

ol 

D«lican 

Wolfbauer 

51.2 
45.0 
43.4 
43.1 
41.5 
41.1 
40.8 

♦  Shukoff,  Chem.  Rev.,  6,  12  (1899). 
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TABLE  69 


Titer  of 

Wolfbauer 

Shukoff 

51.4 

51.5 

45.5 

45.5 

44.0 

44.0 

43.8 

43.8 

41.7 

41.7 

41.6 

41.6 

(e)  Specific  Heat  Capacity.  For  the  determination  of  the 
specific  heat  capacity  see  page  11.  The  specific  heat  capacity 
may  be  calculated  by  the  method  of  Kopp  by  dividing  the  per  cents 
of  carbon,  hydrogen  and  oxygen  contained  by  their  respective 
atomic  weights  and  multiplying  these  quotients  with  the  atomic 
heat  capacities,  1.8  for  carbon,  2.3  for  hydrogen  and  4.0  for  oxygen. 
For  poppy-seed  oil  which  contains  (Cloez)  77.5  per  cent  of  carbon, 
11.4  per  cent  of  hydrogen  and  11.1  per  cent  of  oxygen,  there  can  be 
calculated  the  specific  heat  capacity,  0.406. 


TABLE  70 
Specific  Heat  Capacities  op  Fatty  Acids  * 


Butyric 

Capri c,  solid 

Capric,  liquid . . . 
Caprylic,  solid . . 
Caprylic,  liquid. 
Cerotic,  solid.. . , 
Cerotic,  liquid . . 

Laurie,  solid 

Laurie,  liquid . . . 
Myristic,  solid . . 
Myristic,  liquid 
Palmitic,  solid . . 
Palmitic,  liquid. 

Stearic,  solid 

Stearic,  liquid. . 
Valerianic 


Temperature 

Specific  heat 
capacity 

24  to   97 

0.526 

Oto    16 

0.697 

35  to  103 

0.524 

-11  to     8 

0.630 

16  to   90 

0.545 

Oto   30 

0.387 

80  to  124 

0.607 

-10  to   25 

0.432 

40  to  100 

0.572 

-10  to   25 

0.405 

65  to  142 

0.532 

-10  to   25 

0.484 

65  to  104 

0.635 

Oto   30 

0.397 

75  to  137 

0.550 

23  to   93 

0.590 

*  Landolt-Boeraatein,  Tabellen,  3rd  edition,  405. 
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TABLE  71 

Specific  Heat  Capacities  of  Fats* 


Toraparaluro 

Specific  h««t 

6.6 

*  Luu  dolt- Booms  loin,  3rd  editi 

(/)  Index  of  Refraction.    In  many  cases,  for  example,  to  char- 
acterize rosin  oils,  mineral  oils,  turpentine  oils,  naphtha,  benzols 


Fig.  101. 


Fio.  102. 


(see  these),  butter  and  lard,  linseed  oil  and  tung  oil,  the  index  of 
refraction  is  of  value  in  itself,  or  in  connection  with  other  tests. 
The  determination  can  be  rapidly  made  with  very  small  quantities 
of  oil. 

The  Abbe  *  refractometer  (Fig3.  101  and  102)  the  prisms  of 
which  are  kept  at  constant  temperature  by  circulating  water,  as 

•  To  be  obtained  from  Zeiss,  Jena. 
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well  as  the  butyro-refractometer,  especially  designed  for  the  ex- 
amination of  butter,*  can  be  used  both  for  liquid  and  solid  fats. 
Both  instruments  depend  on  the  observation  of  the  position  of  the 
border  line  of  total  reflection. 

1.  Use  of  the  Abbe  Refractometer.  (Figs.  101  and  102.) 
The  double  prism  is  opened  by  means  of  the  screw  head  (see  position  of 
Fig.  102)  and  after  carefully  cleansing  the  prisms  with  cotton  and  ether,  a  few 
drops  of  the  liquid  are  placed  on  the  horizontal  surface  of  the  fixed  prism.  The 
prisms  are  then  closed  tightly.  The  telescope  is  brought  to  the  position  shown 
in  Fig.  101.  The  sector  is  held  firmly  and  the  alidade  moved  forward  from  the 
initial  position  until  the  field  of  vision  shows  the  boundary  between  light  and 
dark  just  intersecting  the  crosshairs;  the  mirror  for  illumination  should  have 
been  brought  to  the  proper  position  and  the  telescope  focused  on  the  cross- 
hairs. By  means  of  the  screw  head  on  the  right  side  of  the  instrument,  the 
border  line  should  be  made  as  sharp  as  possible.  The  index  of  refraction  is 
then  read  by  means  of  a  lens  directly  from  the  scale  on  the  sector.  The  read- 
ings are  accurate  to  about  two  divisions  of  the  fourth  decimal  place.  The 
position  of  the  drum  on  the  end  of  the  objective  should  also  be  noted  in  case 
the  dispersion  is  also  to  be  determined. 

TABLE  72 
Recalculation  of  the  Scale  Reading  into  the  Index  of  Refraction 


Scale 

Index  of 

Scale 

Index  of 

Scale 

Index  of 

Scale 

Index  of 

Scale 

Index  of 

division 

refraction 

division 

refraction 

division 

refraction 

division 

refraction 

division 

refraction 

0 

1.4220 

21 

1.4385 

42 

1.4538 

63 

1.4679 

84 

1.4807 

1 

1.4228 

22 

1.4392 

43 

1.4545 

64 

1.4685 

85 

1.4812 

(2 

1.4236 

23 

1.4400 

44 

1.4552 

65 

1.4691 

86 

1.4818 

3 

1.4244 

24 

1.4408 

45 

1.4559 

66 

1.4698 

87 

1.4824 

4 

1.4252 

25 

1.4415 

46 

1.4566 

67 

1.4704 

88 

1.4829 

5 

1.4260 

26 

1.4423 

47 

1.4573 

68 

1.4710 

89 

1.4835 

6 

1.4268 

27 

1.4430 

48 

1.4580 

69 

1.4717 

90 

1.4840 

7 

1.4276 

28 

1.4438 

49 

1.4587 

70 

1.4723 

91 

1.4846 

8 

1.4284 

29 

1.4445 

50 

1.4593 

71 

1.4729 

92 

1.4851 

9 

1.4292 

30 

1.4452 

51 

1.4600 

72 

1.4736 

93 

1.4857 

10 

1.4300 

31 

1.4460 

52 

1.4607 

73 

1.4742 

94 

1.4862 

11 

1.4308 

32 

1.4467 

53 

1.4613 

74 

1.4748 

95 

1.4868 

12 

1.4316 

33 

1.4474 

54 

1.4620 

75 

1.4754 

96 

1.4873 

13 

1.4324 

34 

1.4481 

55 

1.4626 

76 

1.4760 

97 

1.4879 

14 

1.4331 

35 

1.4488 

56 

1.4633 

77 

1.4766 

98 

1.4884 

15 

1.4339 

36 

1.4495 

57 

1.4640 

78 

1.4772 

99 

1.4890 

16 

1.4347 

37 

1.4502 

58 

1.4646 

79 

1.4778 

100 

1.4895 

17 

1.4354 

38 

1.4510 

59 

1.4653 

80 

1.4783 

101 

1.4901 

18 

1.4362 

39 

1.4517 

60 

1.4659 

81 

1.4789 

102 

1.4906 

19 

1.4370 

40 

1.4524 

61 

1.4666 

82 

1.4795 

103 

1.4912 

20 

1.4377 

41 

1.4531 

62 

1.4672 

83 

1.4801 

104 

1.4917 

The  setting  and  reading  of  the  instrument  should  be  repeated  after  the 
drum  has  been  moved  through  180°  and  the  mean  of  the  two  determinations 
taken.    The  reading  gives  at  once  the  index  of  refraction  no  for  the  light  of  the 

*  To  be  obtained  from  Zeiss,  Jena. 
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Fraunhofer  line  D  at  the  observed  temperature  of  experiment.  The  tempera- 
ture correction  for  oils  and  fate,  paraffin,  ceresin,  etc.,  is  on  the  average  —  0.0004 
(that  is,  for  every  degree  rise,  nn  becomes  on  the  average  0.0004  less).  The 
reading  on  the  drum  gives  the  number  z  for  which  the  factor  "["  is  to  be  taken 
from  the  dispersion  tables  going  with  the  instrument.  With  z  larger  than  30, 
"f "  is  to  be  used  in  calculations  with  a  negative  sign.  The  table  gives  two 
values,  A  and  B,  corresponding  to  the  index  found  so  that  the  dispersion 
nr  —hc  =  A  +  (ß)("f")  may  be  calculated.. 


Fig.  103. 

Immediately  after  using,  the  prisma  are  to  be  carefully  cleansed  with  ether 
and  soft  linen  or  cotton.  This  must  be  done  carefully  since  the  prisms  are 
made  of  very  soft  glase.  It  is  even  advisable  to  place  a  piece  of  filter  paper 
between  the  prisms  when  not  in  use. 

The  readings  on  the  scale  are  correct  when  water  at  18°  gives  the  mean 
reading  of  no  —  1.3330  or  if  the  normal  plate  supplied  with  the  instrument 
gives  its  proper  index. 

2.  The  luityro-refracto meter  (Fig.  103)  is  very  similar  to  the  Abbe  re- 
fractometer  in  the  construction  of  its  prisms.    However  the  index  of  refraction 
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is  not  directly  read  off,  but  the  border  line  between  light  and  dark  is  determined 

on  an  empirical  ocular  scale  divided  into  one  hundred  division».  In  the  ex- 
amination of  butter  and  lard,  etc.,  the  reading  is  generally  stated  as  so  many 
divisions  on  the  Zeiss  butyro-rcfrac  to  meter.  The  corresponding  values  for 
the  index  of  refraction  may  be  taken  from  Table  72.  The  observed  readings 
for  butter  are  to  be  recalculated  to  40°  in  that  0,55  is  added  to  the  observed 
reading  for  every  degree  above  40°,  or  subtracted  for  every  degree 
under  40". 

Although  the  instrument  is  very  convenient  for  the  examina- 
tion of  butter,  its  field  of  use  is  limited.     Wherever  a  refractometer 


Fro.  104. 

is  to  be  used  for  other  substances,  the  Abbe  refractometer  is  to  be 
preferred  since  with  it  the  index  of  refraction  may  be  determined  for 
any  value  between  1.3  and  1.7. 

3.  The   Heating   Arrangement.    The    apparatus    shown    in 
Fig.   104  is  very  convenient   for   heating  the  prisms  up   to 
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higher    temperatures    with    a    stream    of    water    at    constant 
temperature.* 

The  water  flows  from  the  tank  A  od  the  wall  through  a  copper  heating 
spiral  to  the  tank  B.  Because  of  the  overflow  pipes  in  A  and  B,  the  stream 
of  water  and  the  heating  is  kept  very  constant .  Up  to  75°,  one  spiral  is  suf- 
ficient; for  higher  temperatures,  two  spiral  coils  placed  side  by  side  should  be 
used.  If  a  definite  temperature  is  to  be  maintained  for  some  time,  a  thermo- 
stat with  automatic  gas  or  electric  regulator  should  be  used.  For  determina- 
tions at  100°,  steam  is  sent  through  the  prisms. 

• 

XIII.  Determination  of  the  Chemical  Composition  of 

the  Fats 

(a)  Impurities,  such  as  water  (testing,  see  page  22),  accidental 
suspended  matter,  kind  and  quantity  of  ash  (fuel  oils  should  be 
free  from  ash  or  nearly  so),  should  be  considered.  The  presence 
of  nitrogen  (i.e.,  protein  matter),  of  sulphur,  of  chlorine,  etc.,  is 
determined  as  under  mineral  lubricating  oils,  see  page  172).  In 
the  determination  of  the  quantity  of  mechanical  impurities  by 
solution  of  the  fat  in  a  low-boiling  petroleum  ether  and  filtration 
through  a  weighed  filter  it  must  be  remembered  that  often  soaps 
and  oxy-acids  or  oxidized  fats  are  separated.  The  soaps  are  rec- 
ognized by  warming  the  insoluble  matter  with  petroleum  ether 
and  hydrochloric  acid,  whereby  the  fatty  acids  pass  into  the  petro- 
leum ether  solution. 

Essential  oils,  such  as  rosemary  oil  from  denaturized  olive  oil  or 
turpentine  from  varnishes,  are  separated  by  steam  distillation 
from  the  samples*  to  be  examined.  Detection  of  nitrobenzol  and 
nitronaphthalene,  see  page  168. 

(b)  Sediments  in  oils  and  fats  are  often  very  characteristic 
and  are  frequently  due  to  insufficient  settling. 

1.  Sediments  may  consist  of  solid  glycerides.  Fats  which  are 
rich  in  solid  glycerides  (palmitin,  stearin),  such  as  unpressed  bone 
oils  and  cottonseed  oils,  deposit  at  low  temperatures  (often  even 
at  + 15°)  a  part  of  these.  Such  deposits  are  easily  melted  on  gentle 
heating. 

2.  Small  bits  of  the  seeds,  mucilaginous  or  protein  substances 
which  arise  from  incomplete  mechanical  purification  of  the  oils, 
or  insufficient  settling,  are  often  found  in  linseed  oil,  rapeseed 
oil,  etc. 

*  Ubbelohde,  Handbuch,  Bd.  I,  333. 
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On  shaking  the  oil  with  an  equal  volume  of  warm  water  a  cloudy,  white 
aqueous  layer  separates,  if  much  mucilaginous  matter  is  present;  this  cannot 
be  removed  by  filtration.  After  long  standing,  a  white,  flocculent  layer  will 
form  between  oil  and  water.  (White  emulsions  may  be  due  to  alkali  soaps; 
these,  however,  are  destroyed  by  adding  hydrochloric  acid  and  ether.) 

On  heating  100  grams  of  oil  to  250°  for  some  time,  the  mucilaginous  and 
protein-like  bodies  separate  as  a  flocculent  precipitate  which  can  be  caught  by 
filtering  hot  (thus  keeping  solid  glycerides  in  solution)  through  a  weighed  paper; 
after  washing  off  any  oil  with  petroleum  ether  and  drying  at  105°,  it  is  examined 
under  a  microscope  to  identify  debris  of  plant  cell  structures  of  the  various 
seeds,  such  as  pigment  layers,  epidermis,  hairs,  etc.  The  amount  of  protein 
matter  in  the  precipitate  can  be  determined  by  the  Kjeldahl  method. 

(c)  Rosin,  Soaps,  etc.,  are  determined  as  described  under 
lubricating  oils  on  page  147. 

(d)  Testing  for  Unsaponifiable  Substances.  Under  the  term 
unsaponifiable  are  included  all  those  components  of  fats,  oils  and 
waxes  which  on  boiling  with  potassium  hydroxide  are  not  changed 
into  water-soluble  substances. 

1.  Qualitative  Test  for  Unsaponifiable  Oil.  Pure  oils  and 
fats  give,  on  boiling  with  N/2  alcoholic  potash,  soap  solutions 
which  remain  clear  on  the  addition  of  water.  In  the  presence  of 
mineral  oils,  rosin  oils  and  tar  oils,  oily  drops  may  be  seen  even 
before  water  is  added;  or  on  the  addition  of  water,  a  milky  appear- 
ance results.  It  is  to  be  observed  that  varnishes,  free  from  mineral 
oil  but  made  from  boiled  oil,  will  under  this  treatment,  become 
cloudy  due  to  the  separation  of  lead  and  manganese  hydroxides 
from  the  driers;  these  precipitates  can,  however,  with  some  experi- 
ence be  easily  distinguished  from  a  cloudiness  due  to  mineral  oil. 
Difficulty  from  this  source  can  be  avoided  by  treating  the  material 
with  dilute  nitric  acid  and  then  washing  free  from  inorganic 
nitrates. 

8  drops  of  oil  are  boiled  two  minutes  with  5  c.c.  N/2  alcoholic  potash  in  a 
test  tube  and  then  (J  to  15  c.c.)  distilled  water  is  added,  observing  carefully 
whether  a  permanent  precipitate  forms  or  a  cloudiness  appears  which  dis- 
appears on  adding  more  water,  or  if  the  solution  remains  clear. 

By  this. method  one  per  cent  of  mineral  lubricating  oil  can  be 
detected;  only  in  rare  cases  is  the  limit  of  detection  1.25  per  cent. 
Because  of  the  greater  solubility  of  lighter  mineral  oils  in  the  aque- 
ous-alcoholic soap  solution,  they  cannot  be  detected  with  the  same 
accuracy;  thus  10  per  cent  of  kerosene  may  escape  detection. 
For  rosin  oils  the  limit  is  12  per  cent;  for  lignite  tar  oils,  it  is  3  per 
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cent.  In  this  way  0.4  per  cent  of  paraffin  *  in  lard  and  tallow 
can  be  detected.  The  unsaponifiable  alcohols  occurring  in  liquid 
waxes  (sperm  oil)  are  not  precipitated  on  adding  water,  so  that 
they  do  not  interfere  with  the  detection  of  mineral  oil  in  such  oils.f 

2.  The  Quantitative  Determination  is  carried  out  according 
to  page  161;  the  determination  of  the  nature  of  the  unsaponifiable 
matter  separated  by  the  method  of  Spitz  and  Honig  is  described 
on  page  162. 

The  unsaponifiable  matter  extracted  from  the  soap  solution  with  petroleum 
ether  is  again  treated  with  a  few  cubic  centimeters  of  alcoholic  potash  to  split 
any  traces  of  unsaponified  fat,  provided  that  from  its  appearance  it  is  not 
obviously  Cholesterin  or  phytosterin.t  Such  natural  unsaponifiable  compo- 
nents of  fatty  oils  have  an  iodine  number  of  70  or  over;  even  in  the  presence 
of  only  traces  (2  per  cent)  of  mineral  oil,  which  absorbs  little  iodine,  the  iodine 
value  is  lowered  50  per  cent  or  more. 

If  the  unsaponifiable  matter  is  boiled  with  twice  its  volume  of  acetic  an- 
hydride for  one  hour,  on  cooling  the  solution,  the  mineral  oil  will  collect  on  the 
top  of  the  acetic  anhydride,  the  higher  alcohols  remaining  in  solution  or  sepa- 
rating from  the  liquid  as  acetates. 

The  natural  unsaponifiable  components  of  the  fats  are  easily  soluble  in 
warm  90  per  cent  alcohol.  The  addition  of  mineral  oils  can  often  be  detected 
through  the  fluorescence  of  the  unsaponifiable  matter. 

3.  Testing  for  Higher  Alcohols  and  Liquid  Waxes.     In  the 

separation  of  unsaponifiable  components  by  the  method  of  Spitz 
and  Honig  it  must  be  remembered  that,  besides  mineral  oil  or  rosin 
oil,  the  alcohols  of  high  molecular  weight  separate  as  unsaponifiable 
and  pass  into  the  petroleum  ether  extract.  Regarding  the  prop- 
erties of  the  unsaponifiable  matter  from  beeswax  see  page  449. 
If  the  unsaponifiable  matter  consists  of  paraffin  or  ceresine,  the 
melting  point  of  the  substance  will  remain  unchanged  after  acety- 
lation;  if  the  higher  alcohols  are  present,  the  melting  point  will  drop, 
since  the  acetic  esters  melt  lower  than  the  corresponding  alcohols. 

One  volume  of  the  unsaponifiable  oil  with  two  volumes  of  acetic  anhydride 
is  boiled  in  a  graduated  test  tube  fitted  with  an  air  condenser;  on  cooling,  the 
amount  of  mineral  oil  is  read  off  (see  page  445).  The  nature  of  the  esters  dis- 
solved in  the  anhydride  is  determined  by  evaporating  with  water,  drying  the 
remaining  esters  and  determining  their  saponification  number.  The  mineral 
oil  is  washed  several  times  with  dilute  alkali  and  then  with  petroleum  ether, 
so  that  it  finally  remains  liquid  after  heating.  § 

*  Dunlop,  Analyst,  34,  524. 

t  Lobry  de  Bruyn,  Chem.  Zeit.,  17,  1453  (1893). 

t  Fendler,  Ber.  d.  Pharm.  Ges.,  1904,  163. 

§  Lobry  de  Bruyn,  Chem.  Zeit.,  17,  1453  (1893). 
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4.  Testing  for  the  Presence  of  Solid  Waxes.  The  method  of 
Spitz  and  Honig  is  not  applicable  in  the  presence  of  solid  waxes 
since  the  alkali  salts  of  the  acids  of  high  molecular  weight  present 
in  waxes  interfere  because  of  their  insolubility;  moreover  the 
modification  described  for  use  in  the  presence  of  wool  fat  cannot 
be  used,  since  the  soaps  obtained  from  wool  fat  are  soluble  in 
naphtha. 

In  this  case  10  grams  of  fat  are  saponified  with  alcoholic  potash,  neutral- 
ized with  acetic  acid  in  the  presence  of  Phenolphthalein,  and  at  70°,  dilute 
potassium  chloride  solution  is  added  with  constant  stirring;  after  adding  five 
volumes  of  water,  the  mass  is  allowed  to  cool,  the  potassium  salts  of  the  un- 
saponifiable  matter  are  filtered  by  suction,  washed  and  after  drying  mixed  with 
sand  and  extracted  in  a  Soxhlet  apparatus  with  petroleum  ether,  or  in  the 
presence  of  wool  fat  with  freshly  distilled  acetone. 

0)  Special  Tests  for  the  Presence  of  Certain  Oils. 

1.  Detection  of  Peanut  (Arachis)  Oil.  The  presence  of  ara- 
chidic  and  lignoceric  acids,  characteristic  of  peanut  oil,  allows  the 
detection  of  additions  of  ten  per  cent  of  this  oil. 

Preliminary  Test.  This  depends  on  the  difficult  solubility  of 
the  potassium  salts  of  arachidic  and  lignoceric  acids. 

0.7  c.c.  of  oil  are  boiled  with  5  c.c.  of  alcoholic  potash  (33  grams  KOH  in 
1  liter  of  90  per  cent  alcohol)  for  two  minutes,  replacing  the  alcohol  which 
evaporates.  In  the  presence  of  much  peanut  oil,  the  soap  solution  becomes 
pasty  or  gelatinous  at  room  temperature.  Additions  of  15  per  cent  peanut 
oil  are  detected  in  olive  oils,  in  poppy-seed  oil  (at  room  temperature)  and  in 
castor  oils  (at  0°)  by  the  flocculent  precipitate  in  the  alcoholic  soap  solutions. 
Tables  77  and  79  give  information  regarding  the  external  appearance  of  soap 
solutions  with  other  oils.  Sesame  and  cottonseed  oils  give  at  20°  a  strong 
flocculent  precipitate,  while  rapeseed  gives  an  almost  solid  mass.  Sesame 
and  cottonseed  oils  are  to  be  detected  through  their  color  reactions  (pages  333 
and  334),  rapeseed  oil  by  its  low  saponification  value. 

If  the  solution  has  remained  clear  in  the  preliminary  test,  then, 
in  general,  the  following  separation  of  arachidic  acid  will  be  un- 
necessary. 

Separation  of  Arachidic  and  Lignoceric  Adda.  According  to  the  amount  of 
peanut  oil  suspected,  10  to  40  grams  of  oil  are  treated,  as  on  page  303,  to  separate 
the  solid  acids,  which  are  then  recrystallued  from  5O-100  c.c.  of  90  per  cent 
alcohol,  in  which  arachidic  and  lignoceric  acids  are  much  more  difficultly 
soluble  than  palmitic  and  stearic  acids.*  The  solutions  should  not  be  cooled 
below  +15°.  The  melting  point  should  then  be  70-71°  (lowered  by  palmitic 
and  stearic  acids);  otherwise  recrystallization  from  90  per  cent  alcohol  should 

*  Renard,  Ztsch.  f.  anal.  Chem.,  1873,  231. 
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be  continued  till  this  melting  point  is  reached.  Since,  however,  at  15°,  ara- 
chidic  and  lignoceric  acids  are  soluble  in  90  per  cent  alcohol,  allowance  must 
be  made  for  the  amount  in  solution  and  added  to  the  amount  found.  The 
amount  of  arachidic  acid  dissolved  in  100  c.c.  of  90  per  cent  alcohol  at  15°  is  * 

Grams 

with   0.05-0.11  gram  acid 0.033 

0. 17-0.47 0.050 

0.5  -2.7  0.070 

These  figures  have  been  verified,  f 

By  multiplication  of  the  weight  of  acid  found  by  21,  the  amount  of  oil  is 
obtained,  since  peanut  oil  contains  about  one  twenty-first  of  its  own  weight  of 
arachidic  and  lignoceric  acids. 

According  to  Fachini  and  Doria,J  peanut  oil  is  recognized  by  its  content  of 
arachidic  acid  by  dissolving  the  undried  fatty  acids  precipitated  from  the  soaps 
(from  20  grams  oil)  in  150  c.c.  of  pure  acetone  (B.  P.  56-57°),  warming  gently 
and  then  adding  water  drop  by  drop  till  the  first  sign  of  cloudiness  appears. 
If  the  cloudiness  persists  or  two  layers  appear,  then  acetone  is  added  till  the 
solution  remains  clear  at  40-45°;  it  is  then  allowed  to  crystallize.  In  the  pres- 
ence of  peanut  (arachis)  oil,  at  28-29°  crystals  will  appear;  after  cooling  one 
hour  to  15°  the  crystals  are  filtered  and  washed  with  10  c.c.  of  acetone  (32  vols, 
water,  68  vols,  acetone) .  Arachidic  and  lignoceric  acids  are  then  determined  by 
the  method  of  Tortelli  and  Ruggeri  as  given  above. 

Since  pure  stearic  acid  has  a  melting  point  of  69.5°,  the  same  as  a 
mixture  of  arachidic  and  lignoceric  acids,  in  cases  of  doubt  the 
molecular  weight  of  the  separated  acids  is  determined  (stearic  284, 
arachidic  312,  lignoceric  368,  mixtures  of  the  last  two  about  340). 
If  substance  sufficient  for  a  molecular  weight  determination  is  not 
available  then  it  is  advisable  to  examine  the  acids  microscopically.! 
Stearic  acid  crystallizes  in  round  frost-like  forms,  while  lignoceric 
acid  gives  small  needles  which  form  branched  structures. 

Special  Test  for  Peanut  Oil  in  Olive  Oil.  A  simple  and  rapid 
method  by  which  as  little  as  5  per  cent  of  peanut  oil  may  be  de- 
tected in  olive  oil  depends  on  the  fact  that  the  crystallization 
temperature  of  olive  oil  fatty  acids  is  lowered  in  the  presence  of 
peanut  oil.|| 

One  c.c.  of  the  oil  (measured  in  a  pipette)  is  boiled  4  minutes  in  a  100  c.c. 
Erlenmeyer  flask  under  a  reflux  condenser  with  5  c.c.  of  an  approximately  8 
per  cent  alcoholic  potash  solution  (80  grams  KOH  in  80  c.c.  water,  diluted  to 
1000  c.c).    After  cooling  to  about  25°,  exactly  1.5  c.c.  of  a  dilute  acetic  acid 

*  Tortelli  and  Ruggeri,  Chem.  Ztg.,  22,  600  (1898). 

t  Archbutt,  Jour.  Soc.  Chem.  Ind.,  1898,  1124. 

t  Chem.  Ztg.  34,  994  (1910). 

§  Herz,  Repert.  d.  anal.  Chem.,  6,  604  (1886). 

II  Adler,  Zeitsch.  f.  Nahr.  -u.  Genussm.,  23,  676  (1912). 
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solution  (1  vol.  glacial  acid,  2  vols,  water),  as  well  as  50  c.c.  of  a  70  per 
cent  alcohol,  are  added  and  then  well  shaken.  If  the  solution  does  not  clarify, 
owing  to  the  peanut  oil  present,  it  is  warmed  till  clear.  It  is  then  cooled  to 
16°  and  left  5  minutes  at  this  temperature;  if  by  that  time  no  cloudiness  has 
appeared  the  temperature  is  dropped  to  15.5°,  at  which  it  is  kept  for  5  minutes, 
shaking  frequently.  If  no  precipitate  forms  then  there  must  be  less  than  5 
per  cent  of  peanut  oil  present;  if  more  is  present  the  crystallization  tempera- 
ture will  be  higher,  so  that  at  16°  a  considerable  separation  will  occur;  by  de- 
termining the  temperature  at  which  crystallization  occurs,  an  idea  as  to  how 
much  peanut  oil  is  present  may  be  obtained. 

In  20  olive  oils  Adler  found  this  temperature  to  range  from  11.8° 
to  14.3°  —  on  the  average  13.1°;  peanut  oil  on  the  average  crystal- 
lized at  40.3°.  By  the  above  method  the  following  values  are 
obtained: 

CrystallUation 

temperature 

•C 


Pure  olive  oil 


Ol 
Ol 
Ol 
Ol 
Ol 
Ol 
Ol 
Ol 
Ol 
Ol 


ve  oil  with  5  per  cent  peanut  oil . 
ve  oil  with  10  per  cent  peanut  oil 
ve  oil  with  20  per  cent  peanut  oil 
ve  oil  with  30  per  cent  peanut  oil 
ve  oil  with  40  per  cent  peanut  oil 
ve  oil  with  50  per  cent  peanut  oil 
ve  oil  with  60  per  cent  peanut  oil 
ve  oil  with  70  per  cent  peanut  oil 
ve  oil  with  80  per  cent  peanut  oil 
ve  oil  with  90  per  cent  peanut  oil 


Pure  peanut  oil 


13.5 
16.9 
19.8 
25.7 
29.2 
31.5 
33.8 
35.3 
36.6 
38.0 
39.3 
40.3 


An  olive  oil,  the  fatty  acids  of  which  had  a  crystallization  tem- 
perature of  11.8°,  gave  after  an  addition  of  5  per  cent  peanut 
oil  the  value  15.9°;  one  of  14.3°,  after  addition  of  5  per  cent 
peanut  oil,  17.0°. 

Lüers  *  noticed  in  the  case  of  olive  oils  rich  in  myristic  acid,  but 
free  from  peanut  oil,  that  a  separation  of  potassium  myristate 
occurred  at  16°;  this,  however,  disappeared  if  a  few  cubic  centi- 
meters of  concentrated  acid  were  added.  In  this  case  the  test  is 
made  as  above  with  cooling  to  16°;  if  a  cloudiness  appears,  then  3 
drops  of  glacial  acetic  acid  are  added,  the  mass  warmed  till  clear 
and  then  re-cooled  to  16°;  otherwise  the  directions  of  Adler  are 
followed. 

This  method  of  Adler  can  only  be  used  with  mixtures  of  olive 

*  Ztech.  f.  Unt.  d.  Nahr.  -u.  Genusem.,  24,  683  (1912). 
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and  peanut  oils;  it  would  not  give  correct  results  if  other  stearin-  or 
palmitin-rich  fats  were  present. 

2.  Test  for  Crucifer  Oils  (especially  Rapeseed  Oil)  by  sepa- 
ration of  erucic  acid.*  This  depends  on  the  fact  that  erucic  acid, 
which  melts  at  33-34°  and  has  a  molecular  weight  of  338,  is  more 
soluble  at  0°  and  at  —20°  in  (96  per  cent  by  volume)  alcohol  than 
are  the  saturated  solid  acids;  and  after  their  separation,  the  erucic 
acid  is  separated  with  (75  per  cent)  alcohol,  while  the  greatest 
amount  of  liquid  acids  remains  dissolved.  The  test  is  made  as 
follows: 

25  grams  of  the  acids  to  be  tested  are  dissolved  in  two  volumes  of  95  per 
cent  alcohol  and  cooled  with  stirring  to  —20°  in  an  ice  and  rock  salt  mixture; 
the  precipitate  is  filtered  with  suction  at  —20°  (see  Fig.  17,  page  38)  and 
washed  with  cold  alcohol.  The  filtrate  is  evaporated,  dissolved  in  75  per  cent 
alcohol  and  cooled  to  —20°.  The  crystalline  precipitate,  which  in  the  presence 
of  traces  of  rape  oil,  separates  in  the  course  of  an  hour,  after  filtration  with 
suction  and  washing  with  cooled  alcohol,  appears  pure  white;  it  is  mostly 
erucic  acid.  After  solution  in  warm  benzol  or  ether,  the  solvent  is  evaporated. 
By  titration  of  a  weighed  amount  of  the  residue  with  N/\0  alcoholic  potash, 
the  acid  value,  and  from  this  the  molecular  weight,  is  determined;  in  the  case 
of  rapeseed  oil  or  similar  crucifer  oils  (mustard  oil)  this  will  be  over  300  (pure 
erucic  acid  336). 

If  the  original  material  is  very  rich  in  solid  fatty  acids  (fish  oil),  on  cooling 
to  —20°  the  precipitate  will  be  so  heavy  as  to  make  filtration  difficult;  in  such 
a  case  a  preliminary  cooling  to  0°  and  filtration  is  advisable,  the  filtrate  being 
then  treated  as  above. 

By  this  method  20  per  cent  of  rape  oil  in  linseed  can  be  detected. 
In  one  case  the  separated  crude  erucic  acid  (0.74  gram)  had  a 
molecular  weight  of  321.5  and  melted  near  30°. 

3.  Testing  for  Fish  Oils.  Fish  oils  betray  themselves  by  their 
pronounced  odor  and  by  the  red-brown  colors  given  with  syrupy 
phosphoric  acid  and  with  strong  alkali;  these  tests,  however,  are 
not  always  reliable  in  mixtures  of  little  fish  oil  and  in  the  presence 
of  oxidized,  vegetable  drying  oils  or  rancid  fats.  More  certain  is 
the  modified  test  of  Halphen  and  Lewkowitsch  f  depending  on  the 
fact  that  the  octobromides  of  fish  oils  are  almost  insoluble  in  boil- 
ing benzol,  blacken  near  180°  and  are  not  melted  at  230°;  hexa- 
bromides  from  linseed  oil  are  soluble  in  hot  benzol  and  melt  near 
175°. 

*  Holde  and  Marcusson,  Ztsch.  f.  angew.  Chem.,  28,  1260  (1910). 
t  Marcusson  and  Huber,  Seifensiederzeitung,  88,  249  (1911). 
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Ten  c.c.  of  the  fatty  acids  separated  from  the  oil  are  brominated  by  the 
Halphen  method  by  shaking  in  a  glass-stoppered  measuring  cylinder  with  200 
c.c.  of  a  mixture  of  20  vols,  glacial  acetic  acid,  4  vols,  nitrobenzol  and  1  vol.  of 
bromine.  If  no  precipitate  forms  in  the  course  of  an  hour  the  sample  is  practi- 
cally free  from  fish  oil  or  oil  containing  linolic  acid.  The  yellow  precipitate 
which  does  form  is  sucked  dry  on  a  filter  plate  and  washed  with  ether  till  white. 
To  determine  if  it  contains  octobromide,  after  drying  and  powdering,  two  grams 
are  boiled  with  100  c.c.  of  benzol  for  J  hour  under  a  reflux  condenser;  the  un- 
dissolved material  is  collected  on  a  hot-water  funnel  and  after  drying,  its  melt- 
ing point  is  determined;  if  it  is  not  melted  at  200°  but  is  blackened  due  to 
decomposition,  fish  oil  is  present.  If  a  melting  point  under  200°  is  found,  an 
attempt  should  be  made  to  raise  the  melting  point  by  leaching  with  benzol. 
The  hexabromides  of  the  drying  vegetable  oils  melt  at  175-180°  without  de- 
composition.   Ten  per  cent  of  fish  oil  can  be  detected  by  this  method. 

Not  only  the  fatty  acids  from  fish  oils  but  the  fish  oils  themselves  give,  in 
the  presence  of  the  Halphen  reagent,  difficultly  soluble  bromides.  In  case, 
therefore,  that  oils  and  not  soaps  are  to  be  tested  for  fish  oils,  the  oils  may  be 
directly  treated  with  bromine  solution;  if  no  precipitate  results,  fish  oils  are 
absent.  If  a  precipitate  forms  the  total  fatty  acid  should  be  separated  and 
brominated  as  above. 

The  brominated  glycerides  from  fish  oils  have  solubilities  similar  to  those 
from  the  drying  vegetable  oils  and  can  be  separated  with  benzol  only  with 
great  difficulty. 

This  test,  according  to  Stiepel,*  is  not  applicable  if  the  products 
have  been  heated;  with  linseed  oil  the  amount  of  hexabromide 
formed  becomes  considerably  less;  with  fish  oils  the  yield  of  octo- 
bromide may  become  zero  (see  also  page  356). 

4.  Test  for  Tung  Oil.f  In  treating  china  wood  oil  with  iodine 
a  portion  solidifies  and  becomes  insoluble  in  petroleum  ether;  the 
amount  of  oil  remaining  soluble  is  used  to  estimate  the  amount  of 
other  oil  presept. 

Five  grams  of  oil  are  warmed  with  10  c.c.  of  99.5  per  cent  acetic  acid  and  to 
the  clear  solution  are  added  50  c.c.  of  a  solution  of  1.5  per  cent  iodine  in  99.5 
per  cent  acetic  acid.  After  a  half  hour  the  flask  is  drained  into  a  separately 
funnel,  the  residue  being  washed  with  50  c.-c.  portions  of  petroleum  ether  to 
separate  all  oily  portions,  these  washings  being  added  to  that  portion  in  the 
separatory  funnel.  The  ether  layer  is  washed  free  from  acid  with  water,  then 
free  from  iodine  with  potassium  iodide  solution  and  then  again  with  water. 
After  evaporating  the  petroleum  ether,  the  residue  is  weighed;  china  wood  oil 
gives  only  a  small  portion  of  liquid. 

5.  Color  Reactions  for  Sesame  and  Cottonseed  Oils.  Of  the 
large  number  suggested,  the  following  appear  to  be  the  best: 

*  Seifensiederzeitung,  39,  953  (1912). 

t  Mcllheny,  Jour,  of  Ind.  and  Eng.  Chem.,  4,  496  (1912). 
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(a)  The  Baudouin  Test,  a  cherry  red  color  developed  by  sesame 
oil  in  the  presence  of  hydrochloric  acid  solution  containing  sugar, 
is  given  sharply  by  1  per  cent  sesame  oil  in  other  oils,  while  0.5  per 
cent  is  still  recognizable  by  a  faint  rose  colored  solution;  pure 
olive,  rape  and  hemp-seed  oils  only  give  a  yellow  color  to  the 
acid. 

0.1  gram  cane-sugar  is  dissolved  in  10  c.c.  of  hydrochloric  acid  (sp.  gr.  1.19) 
and  then  shaken  with  20  c.c.  of  oil  in  a  test  tube  and  allowed  to  stand.  Only 
the  color  developed  immediately  after  separation  of  the  layers  should  be  con- 
sidered, since  on  long  standing,  the  acid  sugar  solution  will  of  itself  become  deep 
brown  or  red  brown  in  color.  The  substance  *  causing  the  reaction  is  said  to 
be  a  thick  alcohol-soluble  oil. 

Villavecchia  and  Fabris  f  state  that  the  acid  forms  f urfurol  from 
the  sugar  and  suggest  the  following  modification: 

Five  c.c.  of  oil  and  5  c.c.  of  hydrochloric  acid  (sp.  gr.  1.19)  are  shaken  with  8 
drops  of  a  two  per  cent  alcoholic  solution  of  furfurol  for  i  minute  in  a  test  tube. 
In  the  presence  of  sesame  oil  (1  per  cent)  the  separating  acid  takes  on  a  carmine 
red  color;  in  the  absence  of  sesame  oil,  the  color  becomes  at  most  yellow  or 
brownish  yellow.  Here  also  the  color  must  be  observed  immediately  after 
making  the  test. 

Since  a  few  olive  oils  (Africa,  Portugal)  are  said  to  give  a  red 
color  with  sugar  and  hydrochloric  acid,  the  furfurol  test  is  advised. 
Marcusson,{  however,  found  in  two  pure  olive  oils  with  iodine 
values  of  78  and  79  that  even  furfurol  gave  a  faint  rose  color,  while 
the  Soltsien  reaction  gave  no  color  and  the  fatty  acids  separated 
by  the  method  of  Milliau  gave  none. 

Since  a  small  addition  of  sesame  oil  is  easily  detected,  the  addi- 
tion of  at  least  10  per  cent  of  sesame  oil  to  margarine  is  required  § 
in  Germany  to  distinguish  it  from  butter.  The  sesame  oil  added, 
when  mixed  with  cottonseed  or  peanut  oil  in  the  proportion  of  0.5 
to  99.5,  should  still  give  a  decided  furfurol  reaction.  According 
to  recent  investigations  ||  the  substance  responsible  for  the  furfurol 
reaction  passes,  in  certain  cases  where  cows  have  been  fed  with 
sesame  press  cakes,  into  the  milk  and  therefore  appears  in  the  but- 
ter; for  this  reason  pure  butter  may  give  the  sesame  oil  reaction. 

*  Merkling,  Arch.  d.  Pharm.,  10,  440. 
t  Ztsch.  f.  angew.  Chem.,  6,  505  (1893). 
t  Ubbelohde,  Handbuch,  Bd.  I,  279. 

§  Ausfuhrungsbestimmungen  zum  Gesetz,  betr.  Verkehr  mit  Butter  und 
Käse,  vom  15,  Juni  1897. 

||  Utz,  (Ubbelohde,  Handbuch,  Bd.  I,  279). 
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In  case  of  doubt,  the  phystosterin  acetate  test  is  also  to  be  used 
(page  341). 

According  to  Soltsien,  from  10  to  20  per  cent  of  sesame  oil  cannot 
be  detected  in  older  fats;  after  eight  weeks  the  reaction  is  no 
stronger  than  with  a  fresh  1  per  cent  of  sesame  oil.*  If  the  oil 
has  been  treated  with  animal  charcoal  the  reaction  fails  also.f 

In  making  this  test  it  must  be  remembered  that  coal-tar  colors 
are  added  to  many  fats  and  oils;  these  give  a  red  color  when  hydro- 
chloric acid  is  added.    The  German  official  suggestions  of  April  1, 

1898,  state  that  the  substances  causing  the  appearance  of  the  red 
color  should  be  leached  out  previously  by  successive  treatments 
with  hydrochloric  acid  of  specific  gravity  1.125.  This  leaching 
may,  however,  cause  an  error  in  that  the  substance  J  which  is  the 
cause  of  the  furfurol  reaction  may  also  be  leached  out  with  the 
coloring  material;  for  this  reason  the  Soltsien  reaction  is  preferable 
with  colored  fats. 

0?)  The  Soltsien  Reaction  for  Sesame  Oil.    This  is  highly 

recommended  §  since  it  can  be  used  even  in  the  presence  of  coal-tar 

colors,  these  being  reduced  to  colorless  bodies  by  the  stannous 

chloride. 

3  volumes  of  oil  or  fat  (melted,  if  necessary,  on  a  water  bath)  are  dissolved 
in  twice  this  volume  of  naphtha  (boiling  limits,  70-80°)  and  then  shaken  with 
3  volumes  of  a  hydrochloric  acid  solution  of  stannous  chloride  (Bettendorfs 
reagent,  prepared  by  saturating  a  concentrated  solution  of  stannous  chloride 
with  dry  hydrogen  chloride  gas)  and  then  dipped  in  a  water  bath  at  40°.  After 
the  separation  of  the  tin  solution,  the  test  tube  is  lowered  in  water  at  80°  up  to 
the  level  of  the  tin  layer,  thus  preventing  as  much  as  possible  evaporation  of 
naphtha.  In  the  presence  of  sesame  oil  the  tin  chloride  solution  becomes  red 
in  color. 

Soltsien  states  that  the  substance  causing  this  reaction  cannot  be 
extracted  from  the  oil  with  hydrochloric  acid  ||  since  the  extracted 
oil  gives  the  color  with  undiminished  intensity. 

(7)  The  Halphen  Test  for  Cottonseed  Oil.  If 

Two  c.c.  each  of  oil,  amyl  alcohol  and  a  1  per  cent  solution  of  sulphur  in  car- 
bon disulphide  are  heated  in  a  test  tube  half  immersed  in  a  boiling  salt  solution 

*  Zeitsch.  f.  öffentl.  Chem.,  1899,  15. 

t  Bomer,  Ztsch.  f.  Nahr.  u.  Genussmit.,  1899,  708. 

t  Soltsien,  Zeitsch.  f.  öffentl.  Chem.,  1897,  494;  Siegfeld,  Milchzeitung, 

1899,  243;  Fendler,  Chem.  Rev.,  12,  10  (1905). 

§  Beythien,  Chem.  Ztg.,  24, 1019  (1909);  Utz,  Chem.  Ztg.,  26,  412  (1901). 

||  Chem.  Rev.,  13,  138  (1906). 

i  Journ.  Pharm.  Chim.,  [6]  6,  390;  Chem.  Zentralbl.,  1897,  II,  1161. 
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(see  Fig.  105).    The  distilled  carbon  disulphide  collects  in  the  lower  vessel. 
If  after  10  minutes  boiling  a  red  or  orange  color  has  not  appeared,  fresh  solvent 
is  put  in  place  of  that  evaporated  and  the  heating  continued  for  10  minutes. 
Five  per  cent  of  cottonseed  oil  can  be  detected  by  the  appearance  of  the  red 
color  in  the   amyl   alcohol  solution; 
the  reaction  is  not  given  by  olive,  rape, 
hempseed,  almond,  peanut,  sesame, 
poppy-seed  and  fish  oils.    Fish  oils 
on  repeated  heating  do  show  a  faint 
coloration;  but  by  moving  the  tube 
so  that  the  oil  runs  down  the  side  of 
the  tube  the  red  color  cannot  be  seen 
in  that  portion  draining  down  the 
sides;    on   the  other  hand  oils  con- 
taining small  amounts  of  cotton  oil 
show  a  red  color  even  on  draining 
down  the  sides  of  the  tube. 

The  Halphen  reaction  is  given 
by  oils  which  have  been  heated 
up  to  210°,  but  is  not  given 
after  a  10  minute  heating  to 
250°;  nor  is  it  given  by  blown 
oils  or  oils  treated  with  fuming 
hydrochloric  acid  or  with  chlo-  fro.  105. 

rine  or  sulphurous  acid.    The 

oil  shaken  with  hydrochloric  acid  *  has  a  lower  iodine  value  than  the 
original  (106.0  against  108.5)  and  gives  a  chlorine  test  with  copper, 
from  which  it  may  be  inferred  that  the  substance  giving  the  Hal- 
phen reaction  is  an  ethylene  or  acetylene  derivative;  Raikow  f  had 
previously  assumed  the  substance  to  be  an  unsaturated  acid.  The 
red  color  is  said  to  arise  by  the  addition  of  sulphur  to  the  double 
or  triple  bond  with  the  formation  of  a  chromophoric  sulpho-alde- 
hyde-  or  sulpho-keto-group..  The  intensity  is  not  the  same  for 
the  different  samples  of  cottonseed  oil ;  the  colors  vary  from  orange 
to  deep  red.  The  color-giving  substance  appears  to  be  present 
only  in  very  small  quantities  and  appears  also  to  be  retained  to  a 
certain  extent  in  the  press  cakes;  if  swine  are  fed  with  these,  this 
substance  appears  to  become  a  part  of  the  body  fat  of  the  animal. 
The  Halphen  reaction  is  therefore  given  by  some  fats  which  con- 
tain no  cottonseed  oil;  in  this  case  the  presence  of  cottonseed  oil 

*  Kühn  and  Beuger,  Ztachr.  f.  Nahr.  -u.  Genussm.,  13,  145  (1900). 
t  Ghem.  Ztg.,  M,  584  (1900). 
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must  be  tested  for  by  the  phytosterin   acetate   method   (see 
page  341). 

In  case  the  Halphen  test  is  not  given  and  the  presence  of  cotton- 
seed oil  is  suspected,  it  can  sometimes  be  detected  by  treatment 
with  strong  nitric  acid. 

On  shaking  cottonseed  oil  with  the  same  volume  of  nitric  acid  (sp.  gr.  1.41), 
a  red-brown  color  will  appear,  while  olive  oil  treated  in  the  same  manner  will 
give  a  dirty  yellow  color  which  on  long  standing  will  pass  over  into  brown. 
Twenty  per  cent  of  cottonseed  oil  in  olive  oil  can  be  detected  by  this  method; 
since,  however,  on  shaking  rape  oil  with  nitric  acid,  a  brown  color  appears,  the 
reaction  has  value  only  as  a  preliminary  test  for  large  additions  of  cottonseed 
oil. 

(6)  The  Silver  Nitrate  Test*  depends  on  the  reduction  of 

silver  nitrate  by  an  aldehyde-like  body,  as  yet  unidentified,  present 
in  cottonseed  oil. 

Five  c.c.  of  the  fatty  acids  separated  from  the  oil  are  dissolved  in  15  c.c.  of 
90  per  cent  alcohol  and  heated  1-3  minutes  with  2  c.c.  of  a  3  per  cent  aqueous 
silver  nitrate  solution;  in  the  presence  of  cottonseed  oil  the  liquid  will  darken 
in  color  and  the  fatty  acids,  colored  dark  by  the  metallic  silver,  will  rise  to  the 
surface. 

Five  per  cent  of  cottonseed  oil  gives  a  sharp  test,  while  1  per 
cent  is  still  recognizable  by  a  chocolate  brown  color;  strongly 
heated  oils  give  a  fainter  test  or  none  at  all. 

6.  Other  Color  Reactions. 

(a)  According  to  Holde,  raw  mustard  oil,  linseed  and  hemp-seed 
oils  on  shaking  with  sulphuric  acid  of  specific  gravity  1.53-1.62 
always  give  an  intense  grass-green  to  bluish-green  coloration; 
refined  rape  and  linseed  oils  give  with  sulphuric  acid  of  specific 
gravity  1.62  only  a  faint  yellow  to  brown  color.  This  test  can 
therefore  be  used  to  distinguish  between  raw  and  refined  rape  or 
linseed  oils. 

(ß)  The  fish  oils  give  with  various  reagents  (alcoholic  potash 
N/2  or  N/2  alcoholic  soda,  syrupy  phosphoric  acid)  a  red-brown 
to  dirty  red  color  which  characterizes  large  additions  of  these  oils 
to  others,  but  this  test  cannot  be  used  for  detecting  small  amounts 
of  added  oil  (page  331). 

(7)  Wool  fat,  wool-fat  olein  and  stearin  give  the  Liebermann 
and  Hager-Salkowski  reaction  for  Cholesterin  and  iso-cholesterin 
(page  444). 

*  Milliau,  Comptes.  rendus,  1888,  550. 
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(6)  A  new  test  for  vegetable  fats  has  been  suggested  by 
Serger.* 

The  reagent  is  prepared  shortly  before  use  by  shaking  10  c.c.  of  cone,  sul- 
phuric acid  with  0.1  gram  of  finely  powdered  sodium  molybdate  for  2  minutes; 
it  is  ready  for  use  after  standing  five  minutes,  but  should  not  be  kept  longer 
than  §  to  1  hour.  Five  c.c.  of  the  oil  are  dissolved  in  10  c.c.  ether  in  a  thick- 
walled  glass-stoppered  graduated  cylinder  and  1  c.c.  of  the  reagent  is  carefully 
run  underneath;  after  short  but  vigorous  shaking  two  layers  will  separate, 
the  lower  one  assuming  a  characteristic  coloration  which  increases  in  intensity. 
The  color  is  judged  after  1 5  minutes.  Sesame  oil  f  takes  on  an  olive  green  color, 
which  later  becomes  darker;  olive  oil  a  faint  yellowish  green;  cocoanut  oil 
gives  a  grass  green  color;  while  cottonseed  oil  gives  a  blue-green,  then  dark 
blue.  The  test  may  fail  if  bleached  or  rancid  fats  are  under  examination. 
Ten  per  cent  of  vegetable  oil  can  be  detected  by  this  method. 

(e)  Cocoanut  oil  also  gives  a  color  reaction  t  which  depends  on  a  reaction  of 
lauric  acid,  which  is  one  of  the  main  constituents  of  cocoanut  oil,  with  furfur- 
amide.  Oleic  acid,  one  of  the  most  important  components  of  butter  and  lard, 
unites  with  the  f uranilide,  which  is  the  cause  of  the  color,  and  hinders  the  for- 
mation of  the  color. 

One-half  a  gram  of  aniline  hydrochloride  dissolved  in  25  c.c.  of  96  per  cent 
alcohol  is  mixed  with  5  c.c.  of  a  1  per  cent  alcoholic  furfurol  solution  and  1  c.c. 
of  phenol,  and  to  the  faintly  red  mixture  5  per  cent  ammonia  solution  is  added 
drop  by  drop  till  the  red  color  disappears  or  changes  to  a  yellowish  red. 

After  standing  for  two  hours,  0.5  c.c.  of  this  reagent  is  added  to  a  solution  of 
20  drops  of  the  acid  to  be  tested  (in  5  c.c.  of  96  per  cent  alcohol),  the  upper  part 
of  the  test  tube  not  being  wet  by  the  reagent.  The  mixture  is  then  shaken 
once  and  allowed  to  stand;  with  lauric  and  other  acids  of  low  molecular  weight 
a  red  color  appears,  with  oleic  acid  a  yellow  color.  If  to  the  red  solution  10 
drops  of  oleic  acid  are  added,  it  changes  to  yellow. 

(f)  Biologic  Test  for  Fats.  This  depends  on  the  fact  that  the 
blood  serum  of  a  rabbit  treated  with  the  serum  of  another  animal, 
for  example,  a  horse,  causes  a  precipitation  of  protein  matter  in  the 
serum  of  the  latter.  In  order  to  detect  the  presence  of,  say,  horse 
fat  in  other  fats  by  means  of  this  reaction  §  50  grams  of  fat  are 
leached  with  200  c.c.  of  0.85  per  cent  sodium  chloride  solution  in  a 
sterile  Erlenmeyer  flask,  by  placing  for  two  hours  in  a  freezing 
mixture  and  shaking  frequently;  with  the  salt  solution  poured  off,  a 
second  50  gram  portion  of  fat  is  leached,  so  that  the  protein  con- 

*  Chem.  Ztg.,  85,  581  (1911). 

t  Utz,  Chem.  Rev.,  19,  72  (1912). 

t  Zeitsch.  f.  Nahr.  -u.  Genussm.,  13,  605  (1907). 

§  Uhlenhuth  und  Weidanz,  Praktische  Anleitung  zur  Ausführung  des 
biologischen  Eiweissdifferenzierungsverfahrens,  Jena,  1909;  Witteis  and  Wel- 
wart,  Seifersiederztg.,  37,  1014  (1910). 
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tent  rises  to  0.3  per  cent.  The  protein  solution,  clarified  by  twice 
filtering  through  diatomaceous  earth,  is  placed  as  a  layer  beneath 
some  serum  of  a  rabbit  previously  treated  with  horse  serum;  after 
a  few  minutes,  in  the  presence  of  horse  fat  in  the  original  sample, 
a  cloudiness  in  the  form  of  a  distinct  ring  will  develop. 

(g)  Crystallographic  Detection  of  Vegetable  Fat  in  Animal  Oil. 
This  depends  on  the  isolation  and  recognition  of  the  higher  alcohols 
and  is  used  when  a  consideration  of  the  other  constants  of  Tables 
77  to  82  still  leaves  doubt,  and  when  vegetable  oils  cannot  be 
detected  by  color  reactions. 

1 .  Phytosterin  Test.*  All  animal  fats  contain  one-tenth  of  a 
per  cent  or  more  of  Cholesterin,  a  secondary  aromatic  alcohol 
C27H«0,t  fish  oils  up  to  2  per  cent  and  fat  of  eggs  about  4.5  per  cent. 
All  vegetable  oils,  however,  contain  an  isomer  of  Cholesterin,  phy- 
tosterin (from  0.2  to  1.2  per  cent  of  unpurified  material).  Cho- 
lesterin melts  at  146°  (cor.),  according  to  Bömer,  148.4-150.8°, 
and  crystallizes  in  thin  rhombic  plates.  The  form  a  shown  in  Fig. 
106  occurs  generally,  b  and  c  are  rarer.  Phytosterin  when  yet 
impure  shows  a  melting  point  of  132-138°,  at  times  140°  (cor.)  (as 
from  rape  oil),  according  to  the  fat  from  which  it  is  separated.  It 
has,  however,  been  shown  \  that  this  variation  is  due  an  unsatu- 
rated alcohol  CsoH^O  or  CsoHwO,  of  melting  point  170°  and  having 
two  double  linkings  which  allow  (page  340)  the  separation  of  this 
body  from  phytosterin  by  means  of  the  tetrabromacetate.  Ac- 
cording to  Bömer,  the  crystals  assume  the  shapes  corresponding 
to  d  and  e,  less  often  /,  g  and  h  of  Fig.  106. 

Mixtures  of  the  two  alcohols,  phytosterin  and  Cholesterin,  have  a 
melting  point  between  137°  and  144°  and  crystallize  in  the  form  of 
phytosterin;  if  Cholesterin  is  present  in  considerable  excess  phy- 
tosterin needles  and  Cholesterin  rhombic  forms  are  obtained  side 
by  side  or  according  to  Bömer,  telescopic  forms  like  i  and  k  of  Fig. 
106.  Recrystallization  does  not  separate  them.  Traces  of  phy- 
tosterin lower  the  melting  point  of  the  Cholesterin  decidedly  and 
change  its  crystal  form.  It  is  therefore  possible  by  an  examina- 
tion of  the  higher  alcohols  to  determine  if  pure  animal  oil  or  a  mix- 
ture of  animal  and  vegetable  oils  is  under  examination. 

*  Salkowski,  Ztsch.  f.  anal.  Chem.,  1887,  557;  A.  Bömer,  Ztschr.  f.  Nahr. 
u.  Genussm.,  1898,  21,  81,  532. 
t  Windaus,  Ber,  39,  2261  (1906). 
X  Windaus  and  Hauth,  Ber.,  39,  4378  (1906). 


SAP0NIF1ABLE  FATS 


339 


The  detection  of  animal  in  vegetable  oil  can  only  be  accomplished 
when  large  amounts  of  the  former  are  present;  as  a  matter  of  fact 
vegetable  oil  is  rarely  adulterated  with  animal  oil  because  of 
the  difference  in  price,  so  that  the  problem  of  detecting  it  rarely 
arises.  With  the  cheap  fish  oils  the  high  Cholesterin  content 
allows  the  detection  of  small  additions;  and  for  the  so-called  liquid 
waxes,  such  as  sperm  oil,  dolphin  oil,  their  low  specific  gravity, 
their  low  saponification  value,  etc.,  serve  for  identification  (see 
page  440). 

Cholesterin  is  said  to  form  a  dibromide  difficultly  soluble  in  ether- 
glacial  acetic  acid  and  this  is  suggested  as  a  means  of  detection  in 


x 


a 


/\ 


< ' 


\ 


m 


i. 


XaojiJ 


9 


''Fig.  106. 


the  presence  of  phytosterin.*  According,  however,  to  Holde  and 
Werner  t  this  is  difficult  with  the  small  amounts  of  the  Cholesterin 
dibromide  in  the  presence  of  the  phytosterin  dibromide.  The 
phytosteryl  ether,  %  obtained  by  heating  phytosterin  to  200°  with 
copper  sulphate,  melting  at  184.5°,  offers  more  hope  of  detecting 
Cholesterin  in  the  presence  of  phytosterin,  since  the  corresponding 
cholesteryl  ether,  of  melting  point  195°,  will  under  definite  con- 
ditions, slowly  crystallize  in  needles  from  ligroin  and  alcohol; 
phytosteryl  ether  will  crystallize  in  leaf-like  forms. 
Stigmasterin   (C30H48O  or  CsoHM0)  is  found  §  in  the  Calabar 

*  Ber.,  39,  518  (1906). 

t  Dissertation,  P.  Werner,  Berlin  (1911). 

I  Holde  and  Schaefer,  Ztsch.  f.  angew.  Chem.,  19,  1608  (1906). 

§  Windaus  and  Hauth,  Ber.,  39,  4387  (1906);  40,  3681  (1907). 
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bean.  Melting  point  170°;  [a]D  =-44.67  (in  ether).  It  is  dif- 
ferent from  the  other  Sterins  and  especially  from  phytosterin  in 
that  it  forms  a  tetrabromacetate  difficultly  soluble  in  ether  which 
in  general  serves  to  separate  stigmasterin  from  phytosterin  in 
vegetable  fats. 

The  phytosterin  is  boiled  with  acetic  anhydride  (see  under  2),  the  acetate 
is  dissolved  in  ten  times  its  weight  of  ether  and  treated  with  a  solution  con- 
taining 5  grams  of  bromine  in  100  c.c.  of  glacial  acetic  acid,  using  12.5  c.c.  of  this 
solution  per  1  gram  of  acetate  taken.  On  standing  cold,  a  precipitate  will 
be  tetrabrom-stigmasterin  acetate;  if  no  precipitate  forms,  pure  sitosterol  was 
under  examination.  Stigmasterin  was  detected  in  rape  oil,  cocoa  butter  and 
cocoanut  oil,  but  not  in  linseed  and  cottonseed  oil. 

To  re-obtain  the  alcohols  from  the  bromides  the  material  is  treated  with  200 
grams  of  4  per  cent  sodium  amalgam  and  after  removal  of  the  mercury  and 
distillation  of  the  ether,  boiled  with  zinc  dust  under  a  reflux  condenser.  After 
filtering  off  the  zinc  dust,  the  acetate  is  precipitated  by  the  addition  of  water 
and  then  saponified  by  boiling  four  hours  with  200  c.c.  of  a  10  per  cent  alcoholic 
potash  solution.  On  cooling  the  solution  glistening  plates  separate,  the 
quantity  of  which  can  be  increased  by  cautious  addition  of  water.  The  prod- 
uct is  identified  by  the  melting  point  and  crystal  form. 

Separation  of  the  Higher  Alcohols.  In  place  of  the  compli- 
cated method  of  extraction  of  the  soap  solutions  with  ether,  there 
is  now  used  the  very  convenient  one  of  Windaus.*  If  an  alcoholic 
solution  of  Cholesterin  is  treated  with  an  alcoholic  solution  of  digi- 
tonin,  an  almost  quantitative  precipitation  of  digitonin  cholesterid 
takes  place 

CftHtfO  +  CkHmO»  =  C»Hno029« 

Other  Sterins  act  like  Cholesterin. 

The  fat  under  examination  is  leached  with  95  per  cent  alcohol  and  the  ex- 
tract treated  with  a  1  per  cent  solution  of  digitonin  in  hot  90  per  cent  alcohol; 
after  several  hours  the  precipitate  is  filtered  through  a  Gooch  crucible,  washed 
with  alcohol  and  with  ether,  dried  at  100°  and  then  weighed.  From  the 
amount  of  the  addition-product  the  amount  of  Cholesterin  can  be  calculated 
by  means  of  the  factor  0.2431.  Only  free  Cholesterin  (not  its  esters)  gives  this 
reaction;  the  loose  compounds  of  Cholesterin  with  fatty  acids  act  like  free 
Cholesterin.  A  decomposition  of  the  digitonin-cholesterid  can  be  brought 
about  by  boiling  with  xylol,  in  which  Cholesterin,  but  not  digitonin,  is  soluble; 
or  by  boiling  the  cholesterid  with  acetic  anhydride  it  is  transformed  into  the 
acetate  and  at  once  tested  as  to  its  melting  point  (see  below).  This  method 
has  been  used  with  success  f  in  the  detection  of  Cholesterin  and  phytosterin  in 
fats. 

*  Ber.,  42,  238  (1909);  Ztschr.  f.  physiolog.  Chem.,  66,  110. 
f  Marcusson  and  Schilling,  Chem.  Rev.,  1918. 
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The  reaction  of  Windaus  has  also  been  used  to  test  for  Cholesterin 
in  petroleum.* 

Without  previously  boiling  out  the  oil  with  alcohol  the  sample  (at  70°)  is 
directly  treated  with  a  1  per  cent  solution  of  the  digitonin;  a  precipitate  will 
appear  when  only  one  per  cent  is  present.  By  adding  some  water  a  separation 
of  the  lower  oily  from  the  upper  aqueous-alcoholic  layer  containing  the  precipi- 
tate may  be  made;  the  precipitate,  after  filtration  and  washing,  is  found  to  be 
pure  cholesterid  (it  decomposes  slowly  above  240°).  High-boiling  oils,  con- 
taining paraffin,  are  diluted  with  naphtha  or  benzol  before  the  digitonin. is 
added.  This  test  of  Windaus  can  be  used  for  the  detection  of  vegetable  and 
animal  fats  in  mineral  oils. 

2.  The  Phytosterin  Acetate  Test  f  is  sharper  than  the  phytos- 
terin  test  and  allows  the  detection  of  1  per  cent  of  vegetable  oil  in 
animal  oil  and  is  in  many  cases  to  be  preferred. 

The  crude  Cholesterin  or  phytosterin  from  100  grams  fat  is  boiled  with  2  c.c. 
of  acetic  anhydride  in  a  dish  over  a  wire  gauze,  the  excess  being  then  evaporated 
on  a  water  bath  and  the  residue  recrystallized  from  alcohol.  Cholesterin 
acetate  melts  at  114.3-114.8°  (cor.);  phytosterin  acetate,  at  125.6-137°  (cor.). 
By  repeated  recrystallization  of  a  mixture  the  product  becomes  richer  in  phy- 
tosterin since  this  is  more  difficultly  soluble  in  alcohol  than  is  Cholesterin  ace- 
tate; the  melting  point  therefore  rises.  If  the  melting  point  remains  constant 
at  115°  after  many  recrystallizations,  then  a  pure  animal  oil  is  under  exami- 
nation; otherwise  vegetable  oil  is  present.  By  saponification  with  alcoholic 
potash,  the  alcohols  are  again  separated  from  the  acetates  and  examined  for 
crystals  for  confirmation. 

This  acetate  test  can  also  be  used  to  detect  margarine  in  butter 
in  cases  where  the  ordinary  constants  give  no  certain  conclu- 
sions, since  margarines  are  almost  always  prepared  by  addition 
of  vegetable  oils.f 

XIV.  Quantitative  Constants  of  Fats 

(a)  Thte  Acid  Value  is  determined  as  in  the  case  of  mineral 
oils  (see  page  144).  If  the  fat  is  solid  so  that  it  is  impossible  to 
take  10  c.c,  about  5  grams  of  substance  should  be  weighed  and 
titrated  in  neutral  benzol-alcohol  solution  with  N/10  potash.  In 
the  presence  of  ammonium,  alkaline  earth  or  metallic  soaps,  the 
method  of  page  191  is  used  (alkali  soaps  do  not  interfere). 

(fc)  The  Saponification  (Eöttstorfer)  Value.  The  saponifica- 
tion value  is  the  number  of  milligrams  of  KOH  required  to  saponify 
one  gram  of  fat.    As  may  be  seen  from  Tables  77  to  82,  rape  oil, 

*  Steinkopf,  Chem.  Ztg.,  86,  653  (1912). 

f  Bdmer,  Ztschr.  f.  Nahr.  u.  Genussm.,  1901,  1070;  1902, 1018. 
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mustard  oil,  castor  oil  and  sperm  oil  are  characterized  by  their  low 
saponification  values  as  compared  with  the  other  fats;  mixtures 
containing  mineral  oil  show  a  low  value,  which  may  be  used  in 
determining  the  amount  of  mineral  oil  (see  page  160). 

1.  Method  of  Köttstorf er.* 

1.5-2  grams  of  oil  are  boiled  in  an  Erlenmeyer  flask  (Jena  glass  f)  of  200  c.c. 
capacity  for  15  minutes  under  a  reflux  condenser  with  25  c.c.  of  N/2  alcoholic 
potash  measured  from  a  pipette;  a  blank  test  with  25  c.c.  of  the  solution  is  run 
simultaneously,  every  operation  being  exactly  the  same  as  with  the  sample. 
The  blank  test  is  necessary  in  view  of  changes  of  temperature  and  the  solubility 
of  the  glass  in  alkali.  After  saponification,  50  c.c.  of  neutralized  alcohol  are 
added  to  the  sample  and  then  titrated  back  with  N/2  hydrochloric  acid  in  the 
presence  of  Phenolphthalein;  the  amount  of  acid  necessary  to  neutralize  the 
25  c.c.  is  also  determined. 

Example:  2.2334  grams  oil  are  saponified  with  25  c.c.  of  alkali.  25  c.c.  of 
alkali  neutralize  23.36  c.c.  of  N/2  acid;  8.00  c.c.  of  acid  were  required  to  titrate 
back  the  excess.  The  alkali  used  was  therefore  equivalent  to  15.36  c.c.  of  acid; 
but  1  c.c.  of  N/2  HCl  neutralizes  0.028  gram  of  KOH,  consequently  15.36  c.c. 
will  neutralize  0.43008  gram  KOH.  This  0.43008  gram  was  required  by 
2.2334  grams  of  oil,  or  1  gram  required  192.6  milligrams  of  KOH  to  saponify 
and  192.6  is  taken  as  the  saponification  value. 

With  mixtures  of  mineral  oils,  proceed  as  on  page  160.  Fish 
oils  give  a  dark  red  solution  with  alcoholic  potash  which  makes 
titration  with  Phenolphthalein  difficult;  in  such  cases  use  alkali 
blue  (Höchst),  red  in  alkaline,  blue  in  acid  solution.  For  titration 
of  the  soap  3  c.c.  (2  c.c.  for  the  blank  test)  of  a  2  per  cent  alcoholic 
solution  of  the  indicator  should  be  used. 

For  the  saponification  of  waxes  see  page  448. 

2.  The  Cold  Process  of  Henriques  J  depends  on  the  fact  that 
saponifiable  glycerides,  as  well  as  beeswax,  insect  wax,  etc.,  dis- 
solved in  petroleum  ether  or  naphtha,  will  be  completely  saponified 
in  18-20  hours  on  the  addition  of  normal  alcoholic  potash;  the 
method  can  be  used  when  time  is  not  lacking,  but  up  to  the  present 
has  found  comparatively  little  application.  For  mixtures  of 
mineral  oils  with  fatty  oils  and  for  wool  fat  the  hot  saponification 
should  always  be  used. 

3-4  grams  oil  are  dissolved  in  an  Erlenmeyer  flask  in  25  c.c.  petroleum  ether 
(beeswax  and  insect  wax  in  naphtha  boiling  at  100°)  and  then  25  c.c.  of  N/1 

*  Ztsch.  f.  anal.  Chem.,  18,  199  (1879). 

t  Hefelmann  und  Mann,  Pharm.  Zentralhalle,  1895. 

t  Ztsch.  für.  angew.  Chem.,  4,  721  (1891). 
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alcoholic  potassium  hydroxide,  which  should  contain  not  more  than  3  per  cent 
of  water  are  added.  A  blank  test  is  run  at  the  same  time.  Both  flasks  should 
be  kept  closed  with  an  elastic  rubber  cap.  After  standing  over  night,  the 
contents  of  both  flasks  are  titrated  with  N/2  acid  as  in  1.  The  alcohol- 
soluble  castor  oil  can  be  saponified  cold  in  this  manner  without,  however, 
adding  petroleum  ether. 

Those  oils  which  have  a  high  saponification  value  (porpoise  oil, 
216-272,  palm  nut  oil,  248,  cocoanut  oil,  246-268)  contain  consider- 
able amounts  of  volatile  acids  with  low  molecular  weight,  which  is 
also  made  evident  by  the  Reichert  value  2.5-65.  See  Tables  78 
and  82. 

(c)  Average  Molecular  Weight  of  the  Fatty  Acids.  In  order 
to  determine  in  a  mixture  of  saponifiable  and  unsaponifiable  oil 
the  nature  of  the  former,  there  should  be  determined,  besides  the 
iodine  value,  the  average  molecular  weight  of  the  fatty  acids;  this 
is  also  of  importance  in  the  calculation  of  the  amount  of  soap  (page 
159). 

This  was  formerly  done  by  dissolving  0.5-1  gram  of  the  fatty 
acid  in  neutralized  alcohol  and  titrating  with  N/10  alkali;  from 
the  neutralization  value  thus  determined,  the  molecular  weight 
was  calculated.  By  this  method,  however,  too  high  *  values  were 
obtained,  since  the  acids  separated  from  the  fats  contained  anhy- 
dride or  lactone-like  bodies  which  were  not  attacked  by  the  cold 
alkali;  the  amount  of  such  bodies  is  greater  in  old  oils. 

To  determine  the  true  molecular  weight  1-2  grams  of  the  fat  are  to  be  boiled 
with  25  c.c.  of  N/2  alcoholic  potash  and  then  titrated  back  with  N/2  acid.  A 
blank  test  should  be  made.  The  saponification  value  is  then  calculated. 
The  molecular  weight  is  obtained  as  follows: 

56,110 


M  - 


S 


where  S  is  the  saponification  value,  M  is  the  molecular  weight  and  56,110  is 
the  number  of  miligrams  in  one  gram-molecular  weight  of  KOH. 

Tortelli  and  Pergami  found  the  differences  between  the  neutral- 
ization and  the  saponification  values  to  range  from  0  to  20;  for 
rape  oil,  for  example,  it  was,  according  to  age,  5.7-9.1;  for  cotton- 
seed oil,  3-14.4;  for  linseed  oil,  10.3-19.6.  The  average  molecular 
weights  of  the  insoluble  fatty  acids  of  several  fats  and  oils  are  given 
in  Table  73. 

*  Tortelli  and  Pergami,  Chem.  Rev.,  9,  182,  204  (1902). 
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TABLE  73 

Average  Molecular  Weights  op  Fatty  Acids 


TorWlll  and 

Mslerinl- 
pmluDCMiot 

277.5 
274.3 
280.  S 
309.1 
296.7 
273.2 
279.1 
270.8 
276.2 
262.1 

The  following  table  (74)  gives  the  molecular  weights  and  saponi- 
fication values  of  a  number  of  pure  triglycerides;  of  these  the  last 
eight  in  the  table  are  found  in  lubricating  oils. 


Trigtycerirlo 

Formul« 

Molocukr 
weight 

Saponification 
val. 

Butyrin 

O  -  CHtO), 

o-c  — 

o-c 

o-c 

o-c 

o-c 

o-c 

o-c 

o-c 

o-c 

o-c , 

0  -  C„H.,0), 

302 
344 
386 
554 

638 
722 
806 
890 

884 
878 

1052 

(d)  The  Ester  Value.  This  gives  the  number  of  milligrams 
of  KOH  necessary  to  saponify  1  gram  of  the  neutral  fat;  the  sa- 
ponification value  may  be  considered  as  the  sum  of  the  acid  value 
and  the  ester  value.  The' ester  value  is  determined  either  by 
difference  or  directly. 

In  the  latter  case  2  grams  of  fat  are  neutralized  with  A'/'IO  alcoholic  NaOH 
io  neutral  benzol-alcohol  solution,  the  solvent  is  evaporated  and  the  residue 
boiled  under  a  reflux  condenser  with  25  c.c.  of  alcoholic  N/2  KOH  for  16 
minutes;   the  excess  is  then  determined  as  usual  with  N/2  acid  (see  page  448). 
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The  determination  of  the  ester  value  is  rarely  made  with  lubri- 
cants. The  ester  value  is,  however,  of  importance  in  the  examina- 
tion of  beeswax  for  which  the  ratio  of  the  acid  value  to  the  ester 
value  is  characteristic. 

(e)  The  Reichert-Meissl  and  the  Polenske  Values.  The  per 
cent  of  volatile  acid  contained  in  a  fat  is  generally  not  determined. 
But  comparative  values  of  the  amount  of  volatile  acids  contained 
are  determined  by  the  Reichert-Meissl  method  which  measures 
the  saturation  capacity  of  the  volatile  fatty  acids  contained  in  a 
definite  amount  of  fat.  ^The  Reichert-Meissl  value  is  the  number 
of  c.c.  of  N/10  potash  necessary  to  neutralize  the  volatile  water- 
soluble  acids  obtained  from  5  grams  of  fat  by  the  method  described 
below.  }The  Reichert-Meissl  value  is  determined  in  lubricating 
oils  only  when  the  saponification  value  is  noticeably  large,  which  is 
caused  by  the  presence  of  porpoise  oil,  palm  nut  oil  or  blown  oils. 
It  is  used  mainly  to  detect  adulterations  of  natural  butter  with 
margarines,  lard  and  cocoanut  oil;  margarines  contain  very  small 
amounts  of  volatile  acids  with  Reichert-Meissl  value  0-1,  while 
cocoanut  oil  has  the  values  5-8.  These  additions  therefore  de- 
cidedly lower  the  Reichert-Meissl  value  of  natural  butter  which 
lies  between  20  and  30;  small  amounts  of  cocoanut  oil  are,  how- 
ever, hard  to  detect  by  this  method.  This  can  be  done  with  the 
help  of  the  Polenske  value,  which  gives  the  number  of  c.c.  of  N/10 
alkali  necessary  to  neutralize  the  volatile,  water-insoluble  acids 
in  5  grams  of  fat. 

The  ratio  of  the  volatile  water-insoluble  fatty  acids  to  the  vola- 
tile soluble  acids  is  large  in  the  case  of  cocoanut  oil  and  small  in 
the  case  of  butter.* 

TABLE  75 


Butter 

Cocoanut  oil 


Reichert-Meissl 
value 


26-33 

5-8 


Polenske  value 


1.9-3.0 
16.8-17.8 


/    Polenske    \  m 
VReich.-Meiml/ 


7.3-9.1 
223-336 


The  determination  of  these  values  is  carried  out  as  follows:  f 
1.  Reichert-Meissl  Value.    To  succeed  with  this  method,  the 
directions  must  be  carefully  followed  and  the  dimensions  of  the 

*  Benedikt-Ulzer,  5th  Edition,  973. 

t  Ztsch.  f.  Nahr.  -u.  Gemissm.,  1904,  273. 


346  CHEMISTRY  OF  OU£ 

apparatus  should  not  be  different  from  those  given  in  the  sketch 
(for  example  the  flask  should  not  be  larger  than  300  c.c.,  otherwise 
the  results  will  come  out  too  high.) 

Five  grams  of  filtered  butter  fat  are  saponified  *  with  20  grama  of  glycerine 

and  2 c.c.  of  9odiura  hydroxide  solution  containing  100 grama  NaOH  in  100 c.c. 

water  in  a  300  c.c.  Erlemneyer  flask,  agitating  constantly  over  a  free  flame  until 

the  liquid  becomes  clear.    The  soap  is  dissolved  in  90  c.c.  of  boiled  water;  the 

solution  should  be  clear  and  almost  colorless.     To  the  soap  solution,  heated 

to  50°,  at  first  are  added  50  c.c.  of  dilute  sulphuric 

acid  (25  c.c.  of  cone,  acid  to  1  liter  water)  and  then 

a  small  amount  of  powdered  pumice-stone,  and 

immediately  after  closing  the  flask  distillation  is 

begun  in  the  apparatus  shown  in  Fig.  107.    The  use 

of  an  iron  wire  gauze  under  the  flask  is  to  be  avoided ; 

best  adapted  for  this  purpose  are  the  flat  asbestos 

plates  of  6.5  cm.  diameter,  but  neither  the  plate  nor 

the  iron  ring  supporting  it  should  be  heated  to  the 

glowing  point.    The  distillation  should  be  carried 

on  with  fully  opened  burner,  using,  however,  only 

the  tip  of  the  flame,  since  overheating  gives  incorrect, 

generally  too  high  results. 

The  110  c.c.  distillate  should  pass  in  19  to  21 
minutes  and  should  have  a  temperature  about  20° 
as  it  drops  from  the  condenser.  Aa  soon  as  the 
distillate  reaches  the  110  c.c.  mark  the  flame  is 
withdrawn  and  the  receiver  is  replaced  by  a  25  c.c. 
graduated  cylinder. 

The    flask    and    distillate,    without   previously 

mixing  the  contents,  is  placed  for  10  minutes  in 

water  at  15°,  the  mark  110  being  about  3  cm.  under 

the  surface  of  the  water;  after  5  minutes  the  flask  is 

so  agitated  that  the  acids  floating  on  the  surface  of 

Flu    107,  the  distillate  will  reach  the  walla  of  the  neck;   after 

10  minutes,  the  state  of  aggregation  of  the  acids  is 

determined  (with  pure  butter,  semi-solid  and  opaque;  with  cocoanut  oil,  oily). 

After  stoppering,  the  distillate  is  mixed  by  inverting  the  flask  repeatedly, 

avoiding  too  violent  agitation,  and  is  then  filtered  through  a  smooth  8  cm. 

filter.     100  o.e.  of  the  filtrate  are  then  titrated  with  JV/10  sodium  hydroxide 

in  presence  of  Phenolphthalein.    The  number  of  c.c.  of  alkali,  multiplied  by 

1.1  (of  110  c.c.  distillate  only  100  were  used  for  titration)  gives  the  Reichert- 

Meissl  value. 

2.  Polenske  Value.  To  determine  the  water-insoluble  volatile  acids,  a 
complete  removal  of  water-soluble  acids  is  necessary.  The  filter  paper  used 
above  is  washed  with  three  15  c.c.  portions  of  water  which  have  previously 

*  Leffmann  and  Beam,  Analysis  of  Milk  and  Milk  Products,  Philadelphia, 
1893,05. 
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passed  through  the  condenser  tube,  the  graduated  cylinder  placed  beneath  it 
and  through  the  110  c.c.  flask;  then  three  15  c.c.  portions  of  neutral  alcohol  (90 
per  cent)  are  passed  through  in  the  same  way.  The  combined  alcoholic  fil- 
trates are  then  titrated  with  N/10  sodium  hydroxide.  The  number  of  c.c. 
used  gives  the  Polenske  value.  The  variations  should  not  be  more  than  10 
per  cent  with  values  up  to  2;  8  per  cent,  from  2  to  5;  5  per  cent,  from  5  to  10; 
and  4  per  cent,  from  the  value  10  on. 

In  mixtures  of  fatty  oil  with  mineral  oil  (for  example,  "marine 
oil "),  mixtures  of  mineral  oil  with  blown  rape  oil  or  cottonseed 
oil,  see  page  430)  the  Reichert-Meissl  value  is  determined  as  fol- 
lows: * 

As  much  of  the  mixture  as  corresponds  to  5  grams  of  fatty  oil  is  saponified 
with  normal  alcoholic  potash,  in  the  presence  of  the  same  volume  of  benzol, 
the  unsaponifiable  material  separated  by  the  method  of  Spitz  and  Honig 
(page  161),  the  alcohol  evaporated  from  the  soap  solution  and  the  residual 
soap  solution  treated  as  above.  A  blank  test  with  a  mixture  of  benzol  and 
alcoholic  potash  should  be  made  at  the  same  time.  The  values  obtained  are 
referred  to  the  amount  of  fatty  oil  contained  in  the  sample. 

(J).  The  Hehner  Value  gives  the  per  cent  of  water-insoluble 
fatty  acids  in  the  fat;  this  is  of  value  in  determining  the  worth  of 
raw  materials  in  the  stearin  industry,  and  in  the  examination  of 
soape.  The  customary  method  of  determining  this  value,  in 
which  a  weighed  amount  of  fat  is  saponified,  the  acids  liberated 
with  mineral  acid,  filtered,  washed  with  water,  dissolved  in  alcohol, 
the  alcohol  evaporated  and  the  residue  weighed,  has,  besides  neg- 
lecting the  water-soluble  acids,  the  disadvantage  of  favoring  the 
oxidation  of  unsaturated  acids  during  the  evaporation  and  also 
of  allowing  loss  of  volatile  portions. 

More  exact  results  are  given  by  the  method  depending  on  the 
weighing  of  the  alkali  salts  of  the  fatty  acids  ;f  in  this  also  the 
solubility  of  acids  in  water  is  neglected. 

7-8  grams  of  the  soaps  are  dissolved  in  50  c.c.  of  water  and  then  treated  with 
40  c.c.  of  10  per  cent  sulphuric  acid  in  a  separatory  funnel;  the  fatty  acids  are 
then  extracted  by  shaking  twice  with  50  c.c.  portions  of  ether  and  the  extract 
washed  three  times  with  10  c.c.  portions  of  water  to  remove  mineral  acid. 
The  ether  solution  is  then  put  into  a  300  c.c.  Phillips  flask  (Erlenmeyer  with 
wide  mouth)  which  has  previously  been  weighed  with  some  ignited  coarse 
sand  and  a  stirring  rod.  About  half  the  ether  is  evaporated,  then  50  c.c.  of 
neutral  alcohol  are  added  and  the  acids  titrated  with  carbonate-free  N/\  alco- 
holic potassium  hydroxide  with  Phenolphthalein  as  an  indicator;  the  soap 

*  Marcuseon,  Mitt.,  23,  45  (1905). 

t  Ztsch.  f.  angew.  Chem.,  22,  255  (1909). 
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solution  is  then  evaporated  to  dryness  with  stirring  on  a  water  bath  and  the 
residue  is  heated  to  constant  weight  at  103-105°,  the  mass  being  stirred  occa- 
sionally with  the  rod.  Drying  at  a  higher  temperature  is  apt  to  cause  de- 
composition.   The  fatty  acid  is  calculated  as  follows: 

x  -  s  -  (0.03814)  (t;), 

where  8  is  the  amount  of  alkali  salt  weighed,  while  v  is  the  number  of  c.c.  of 
N/1  potash  used. 

The  majority  of  fats  have  a  Hehner  value  of  92  to  95,  generally 
95.  The  Hehner  value  is  naturally  lower  in  those  fats  which  have 
high  Reichert-Meissl  values.  The  Hehner  values  of  some  fats  are 
given: 

Cocoanut  oil 83.8-90.5 

Butter 86-88 

Palm  nut  oil 87.6-91.1 

Dolphin  oil  (from  the  head) 66.3 

(g)  Iodine  Value.  By  iodine  value  is  meant  the  number  of 
grams  of  halogen,  calculated  as  grams  of  iodine,  which  are  ab- 
sorbed by  100  grams  of  fat  under  definite  conditions  (time  of  con- 
tact, nature  of  the  iodine  carrier,  excess  of  iodine,  etc.). 

The  iodine  value  is  one  of  the  most  important  criteria  in  the  test- 
ing of  the  purity  of  a  fat  (Tables  77  to  82).  According  to  the 
size  of  the  iodine  value,  the  fats  are  divided  into  drying  oils  with 
iodine  values  from  130  to  200  (linseed  oil,  wood  oil,  poppy-seed 
oil),  semi-drying  oils  with  iodine  values  ranging  from  95  to  130 
(corn  oil,  rape  oil,  cottonseed  oil,  sesame  oil)  and  non-drying  oils 
with  iodine  values  under  95  (olive  oil,  peanut  and  castor  oils). 
The  iodine  values  of  fats  of  land  animals  are  under  80,  those  of 
marine  animals  generally  over  100. 

Iodine  is  very  slow  in  its  action  on  fats  at  ordinary  temperatures, 
while  at  higher  temperatures  its  action  is  variable  and  it  does  not 
act  smoothly.  On  the  other  hand,  according  to  Hübl,  an  alcoholic 
iodine  solution  in  the  presence  of  mercuric  chloride  reacts  quanti- 
tatively with* fatty  acids  and  their  glycerides  at  ordinary  tempera- 
ture. The  reaction  goes  on  essentially  with  the  addition  of  iodine 
chloride  *  which  forms,  according  to  Ephraim  and  Wijs,  by  the 
reaction: 

HgCl2  +  2 12  ->  Hgl*  +  2 IC1. 

*  Of  the  large  number  of  investigators  who  have  worked  with  the  Hübl 
iodine  value,  should  be  mentioned:  Hübl,  Ding.  Polyt.  Jour.,  263,  281;  Lie- 
bermann, Ber.,  24,  4117  (1891);  Schweissinger,  Pharm.  Zentraln.,  No.  12,  147 
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The  amount  of  iodine  added  corresponds  to  two  atoms  of  halogen 
in  the  case  of  acids  with  one  double  bond,  four  atoms  in  the  case 
of  linolic  acid  and  six  atoms  in  the  case  of  linolenic  acids;  it  is  thus 
seen  to  be  decidedly  higher  in  the  case  of  the  drying  oils  than  with 
non-drying  oils. 

Complete  absorption  with  the  Hübl  or  Waller  iodine  solutions 
is  obtained  with  50  per  cent  excess  only  after  18-24  hours'  con- 
tact, while  2  hours'  contact  is  required  with  75  per  cent  excess. 

The  structure  of  the  acids  *  is  of  great  importance  in  determining 
the  amount  of  absorption.  The  farther  the  double  bond  is  re- 
moved from  the  carboxyl  group,  the  more  nearly  do  the  iodine 
values  found  approach  the  theoretical  values;  thus  for  oleic  acid 
CH3  •  (CH2)7  •  CH  :  CH  •  (CH2)7  •  COOH,  the  found  and  calculated 
values  are  the  same;  crotonic  acid  CH8  •  CH:  CH  •  COOH  has  an 
iodine  value  of  4.3-17.4  while  the  theoretical  is  295;  the  acid 
CH,  •  (CH2)14  •  CH  :  CH  •  COOH  has  the  actual  value  3.0-18.0,  the 
theoretical  being  89.7. 

1.  Variations  of  the  Iodine  Value.  The  method  of  preparing 
oils  by  nature  rich  in  solid  glycerides  has  a  great  influence  on  the 
iodine  value  (bone  oil,  neat's-foot  oil,  peanut  oil).  According  to 
the  use  of  the  oils,  the  solid  glycerides  are  more  or  less  pressed 
off  in  the  treatment;  the  more  complete  this  removal,  the  higher  • 
will  be  the  iodine  value.  The  bone  and  neat's-foot  oils  for  fine 
mechanisms  must  be  clear  and  liquid  at  fairly  low  temperatures 
and  are  therefore  freed  to  a  large  extent  from  solid  glycerides; 
these  oils  consist  of  almost  pure  olein  and  have  the  highest  iodine 
values  of  all  commercial  neat's-foot  oils  (oils  solid  at  room  tem- 
perature have  iodine  value  of  about  44,  oils  liquid  at  — 10°  have 
iodine  values  up  to  75).  Other  methods  of  treatment,  as  shown 
by  Negri  and  Fabris,  influence  the  absorptive  ability  of  oils;  thus 
olive  oils,  extracted  with  solvents,  contain. more  solid  glycerides 

(1887);  Benedikt,  Chem.  Ind.,  No.  8  (1887);  Merkling,  Chem.  Ztg.,  11,  No. 
22  (1887);  Bruche,  Apoth.  Ztg.,  1890,  493;  Holde,  Mitteil.,  9,  81  (1891)  and 
10,  163  (1892);  Fahrion,  Chem.  Ztg.,  15,  1792  (1891)  and  16,  863  (1892); 
Gautter,  Ztsch.  anal.  Chem.,  1893,  303;  Ephraim,  Ztsch.  für  angew.  Chem., 
8, 254  (1895);  Schweitzer  and  Lungwitz,  Jour.  Soc.  Chem.  Ind.,  Feb.  and  Dec, 
1895;  Waller,  Chem.  Ztg.,  19, 1786, 1831  (1895);  Wijs,  Ztsch.  f.  angew.  Chem., 
11, 291  (1898);  Chem.  Rev.,  6, 1  (1899);  Hanus,  Ztsch.  f.  Nahr.  u.  Genussm., 
1901,  913;  Ingle,  Jour.  Soc.  Chem.  Ind.,  1902,  587  and  1904,  422. 

*  Poncio  and  Gastaldi,  Gaz.  Chim.  ItaL,  42,  II,  92  (1912);  Zentralbl., 
1912,  II,  1154. 
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and  consequently  have  lower  iodine  values.  Many  oils  are  artifi- 
cially thickened  by  blowing  in  air;  such  oils,  by  absorbing  much 
oxygen,  with  the  formation  of  oxy-acids,  show  lower  iodine  values 
(down  to  55).  Linseed  oils  after  boiling  with  insufficient  air 
polymerize  and  in  so  doing  decrease  their  ability  to  absorb  iodine 
(see  page  411). 

The  iodine  value  of  an  oil  will  change  on  standing.  Therefore 
in  determining  the  iodine  value,  especially  of  drying  oils,  one  must 
consider  also  the  specific  gravity  of  the  oil  as  well  as  its  content 
of  oxy-acids,  which  rises  in  old  oils,  to  avoid  making  wrong  con- 
clusions from  a  consideration  of  the  iodine  values  alone.  Thus 
the  iodine  value  of  the  non-drying  olive  oil,  which  originally  was 
85,  sank  to  81  after  19  months  in  a  closed  flask;  a  rape  oil  kept  7 
months  in  an  open  dish  changed  from  iodine  value  98.3  to  88.4;  a 
mixture  of  rape  and  cottonseed  oils  dropped  from  95  to  76;  a 
poppy-seed  oil  from  141  to  94.2.  The  specific  gravity  of  the  olive 
oil  changed  from  0.914  to  0.916  at  15°,  of  the  rape  oil  from  0.914 
to  0.925,  the  mixture  of  rape  and  cottonseed  oils  from  0.915  to 
0.933,  that  of  the  poppy-seed  oil  from  0.924  to  0.963.  These 
changes  in  the  iodine  values  and  specific  gravity  can  be  attributed  * 
to  changes  of  the  double  bonds  by  oxidation,  polymerization  and 
anhydride  formation.  As  a  consequence  these  oils  also  become 
decidedly  more  viscous. 

To  determine  the  iodine  value  of  a  semi-  or  non-drying  oil,  which 
has  been  changed  by  the  atmospheric  oxygen,  a  correction  t  of  0.8 
should  be  added  to  the  value  found  for  every  0.001  increase  at 
15.5°  in  the  specific  gravity;  if  the  original  specific  gravity  is 
not  known,  an  average  value  for  the  oil  is  taken.  The  results 
obtained  by  this  method  are  satisfactory  in  many  cases,  but  in 
some  instances,  the  deviations  are  considerable. 

2.  Determination  of  the  Iodine  Value  by  the  Hübl-Waller 
Method. 

(a)  Iodine  Solution.  25  grams  of  iodine  and  30  grams  of  mercuric  chloride 
are  each  dissolved  in  500  c.c.  of  05  per  cent  alcohol;  the  filtered  solutions  are 
united  and  mixed  with  50  c.c.  of  hydrochloric  acid  of  specific  gravity  1.10. 
The  solution  thus  obtained  is  more  stable  than  the  one  originally  used  by  Hubl, 

*  Mulder,  Die  Chemie  der  trockenden  Oele  usw.,  Berlin,  1867;  Hazura, 
Monatshefte  f.  Chemie,  1888,  180,  198;  Fahrion,  Chem.  Ztg.,  17,  684,  1848 
(1893). 

t  Sherman  and  Falk,  J.  Amer.  Chem.  Soc.,  25,  711  (1903);  87,  605  (1905); 
Chem.  Ztg.,  87,  217  (1903). 
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since  the  HCl  unites  with  the  water,  and  secondary  changes  in  the  Hübl 
solution,  by  which  hypoiodous  acid  is  formed,  are  avoided. 

IC1  +  H20  -+  HCl  +  HOI. 

(0)  Sodium  thiosulphate  solution  is  prepared  by  dissolving 
24.8  grams  of  salt  in  1  liter  of  water,  its  titer  being  determined  as 
follows;  the  result  should  be  checked  from  time  to  time. 

20  c.c.  of  a  stock  solution  of  potassium  bichromate  (3.8663  grams  in  1  liter) 
are  run  into  a  glass-stoppered  bottle  containing  10  c.c.  of  potassium  iodide 
solution  and  5  c.c.  of  cone,  hydrochloric  acid;  this  will  cause  the  liberation 
of  0.2  gram  of  iodine,  which  is  then  titrated  with  sodium  thiosulphate.  The 
latter  being  run  in  till  the  solution  is  only  faintly  yellow,  a  few  drops  of 
starch  solution  are  added  and  then  finally  sodium  thiosulphate  drop  by  drop 
with  constant  shaking  until  the  last  drop  just  causes  the  disappearance  of  the 
blue  color. 

(y)  The  potassium  iodide  solution  contains  1  part  potassium  iodide  to  nine 
parte  of  water. 

Procedure.  Samples  which  contain  impurities  or  are  not  clear 
must  be  freed  from  these  by  filtration;  bone  oils  and  other  oils, 
which  contain  solid  fat  particles,  like  palmatin  and  stearin  in  sus- 
pension, also  tallow,  lard,  etc.,  are  purified  by  filtration  in  a  hot 
water  funnel.  Solid  fats  are  weighed 
in  a  small  vessel  containing  a  glass 
rod,  the  fat  is  then  melted,  a  few 
drops  are  run  out,  the  vessel  cooled 
and  then  re-weighed. 


The  oil  (0.18-0.22  gram,  6-8  drops  of 
liquid  fat,  0.5-1.0  gram  of  solid  fat  or 
0.15-0.18  gram  of  a  drying  oil)  is  placed 
in  a  300  c.c.  glass-stoppered  bottle  with 
20  c.c.  chloroform  and  to  the  solution  are 
added  25  c.c.  (30  c.c.  with  a  drying  oil)  of 
the  mercuric  chloride-iodine  solution;  there 
should  be  at  least  50  per  cent  excess  iodine, 
since  otherwise  the  iodine  values  will  be 
too  low.  An  arrangement  shown  in  Fig. 
108  may  be  used  to  measure  off  the  25  c.c. 
quantities.  The  mixture  is  well  shaken 
and  then  allowed  to  stand  for  24  hours 
protected  from  direct  sunlight.    If  the 

solution  becomes  cloudy  more  chloroform  is  added.  At  the  same  time  two 
blank  tests  (20  c.c.  chloroform  and  25  or  30  c.c.  of  iodine  solution  without  oil) 
are  started  and  allowed  to  stand  the  same  length  of  time.  After  24  hours  the 
amount  of  free  iodine  is  determined  by  adding  20  c.c.  of  the  potassium  iodide 


Fig.  108. 


352  CHEMISTRY  OF  OILS 

solution  and  100-150  c.c.  of  water  and  then  titrating  with  sodium  thiosulphate. 
The  difference  In  the  amount  of  iodine  contained  in  the  one  bottle  containing 
oil  and  the  one  containing  none  gives  the  amount  of  absorption.  The  return 
of  the  blue  color  after  standing,  due  to  the  splitting  off  of  iodine  from  the 
addition  product,  should  not  be  considered. 

Example.  0.1045  gram  of  linseed  oil  is  treated  with  30  c.c.  of  iodine  solu- 
tion. 1  c.c.  of  sodium  thiosulphate  is  equivalent  to  0.011572  gram  of  iodine. 
After  24  hours,  30  c.c.  of  oil-free  solution  required  62.19  c.c.  of  sodium  thio- 
sulphate; 30  c.c.  of  the  solution  containing  oil  required  33.39  c.c.  of  thiosul- 
phate. The  iodine  absorption  was  therefore  equivalent  to  62.19  c.c.  less 
33.39  c.c.  or  28.80  c.c.  of  thiosulphate;  or  0.1945  gram  of  linseed  oil  have 
absorbed  (28.8)  (0.01 1572)  or  0.3333  gram  of  iodine.  The  iodine  value  is 
(0.3333)  (100) 

0.1945        " 

In  case  time  is  lacking,  the  iodine  is  allowed  to  act  only  two  hours;  in  this 
case,  30  c.c.  of  iodine  solution  will  be  required  for  non-drying  oils,  40  c.c.  for 
semi-drying  and  60  c.c.  for  drying  oils,  in  order  that  the  same  values  may  be 
obtained  as  would  be  obtained  after  24  hours  treatment. 

3.  The  use  of  the  Older  Hiibl  Iodine  Solution  is  prescribed 
in  the  German  customs  house  examination  of  fatty  oils.  It  differs 
from  the  Waller  modification  of  the  Hiibl  in  that  the  5  per  cent 
iodine  and  6  per  cent  mercuric  chloride  solutions  are  kept  separate 
and  are  mixed  previous  to  use,  but  no  hydrochloric  acid  is  added. 
The  mixing  should  take  place  at  least  48  hours  before  use;  other- 
wise the  method  is  carried  out  as  described  above  (0.3-0.4  gram 
oil  in  15  c.c.  chloroform  and  30  c.c.  of  iodine  solution).  The  Hiibl 
iodine  solution  is  to  be  used  only  so  long  as  25  c.c.  require  at  least 
35  c.c.  of  N/10  thiosulphate  (the  amount  of  free  iodine  contained 
comes  less  on  standing). 

4.  Determination  of  the  Iodine  Values  According  to  Wijs. 
The  disadvantage  of  the  Hiibl- Waller  method  is  the  long  time  re- 
quired for  an  experiment;  this  is  overcome  by  the  method  of  Wijs  * 
in  which  a  solution  of  iodine  monochloride  is  used. 

9.3573  grams  of  iodine  trichloride  and  7.1374  grams  of  iodine  are  dissolved 
in  warm  glacial  acetic  acid  and  the  combined  solutions  are  made  up  to  1  liter. 
Carbon  tetrachloride  (commercial  chloroform  frequently  contains  alcohol)  is 
used  to  dissolve  the  fats.  The  carbon  tetrachloride  is  to  be  treated  with  po- 
tassium bichromate  and  cone,  sulphuric  acid  to  test  for  oxidizable  substances; 
a  green  color  should  not  appear.  The  method  of  procedure  is  the  same  as 
described  under  the  Hübl.  With  non-drying  oils  with  iodine  value  under  100, 
one-half  hour  is  sufficient  to  finish  the  reaction;  with  semi-drying  oils,  one-half 
to  one  hour  is  required;  while  with  drying  oils,  one  to  two  hours  are  necessary. 

*  Ber.,  31,  750  (1898);  Ztschr.  f.  anal,  ehem.,  1898,  277;  Chem.  Rev.,  5, 
137  (1898)  and  6,  5  (1899). 
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The  Wijs  method,  which  gives  in  the  case  of  pure  fatty  acids 
values  agreeing  well  with  the  theoretical,  has  found  faVor  techni- 
cally. With  non-drying  and  semi-drying  oils,  the  Wijs  values  are 
several  units  higher  than  those  obtained  by  the  Hiibl-Waller 
method,  while  with  drying  oils  the  Wijs  values  may  be  10  units 
greater;  in  the  case  of  wool  fat  and  the  unsaponifiable  part  of 
wool-fat  olein,  the  difference  is  at  times  as  great  as  34  units.  Con- 
sequently the  Wijs  method  should  be  capable  of  being  used  in 
place  of  the  Hiibl-Waller  wherever  customs  regulations  or  commer- 
cial specifications  do  not  require  the  other  method.  Towards  fats 
containing  Cholesterin  (as  wool  fats)  and  with  any  product  differ- 
ing materially,  especially  in  the  kind  and  position  of  their  double 
bonds,  from  the  normal  glyceride  fats,  the  Wijs  halogen  carrier 
has  an  action  different  from  that  of  the  Hübl  or  Waller  solutions. 

(A)  The  Acetyl  Value.  This  represents  the  number  of  milli- 
grams of  potassium  hydroxide  required  to  neutralize  the  acetic 
acid  split  off  in  the  saponification  of  1  gram  of  acetylated  fatty 
acid  or  acetylated  fat  or  wax.  It  is  used  to  determine  quantita- 
tively the  hydroxyl  content  of  a  substance  and  can  be  used  as  a 
measure  of  the  amount  of  oxy-acids  or  fatty  alcohols  and  mono- 
and  di-glycerides  in  a  fatty  product.  Every  alcoholic  hydroxyl 
group  takes  on  an  acetyl  group  on  boiling  with  acetic  anhydride 
and  on  subsequent  saponification  splits  this  off  again.  In  the 
examination  of  lubricating  oils,  the  acetyl  value  is  determined  when 
the  degree  of  oxidation  of  boiled  or  blown  oils  or  the  amount  of 
castor  oil  or  grape-seed  oil  (both  of  which  consist  essentially  of 
glycerides  of  oxy-acids)  is  to  be  estimated  (see  page  354,  petroleum 
ether-insoluble  oxy-acids).  Also  in  scientific  investigations,  for 
example,  to  determine  the  amount  of  mono-  and  di-glycerides  in 
the  partial  saponification  of  fats,  the  acetyl  value  is  of  importance. 
Castor  oil  has  the  acetyl  value  153-156,  grape-seed  oil  144,  the 
other  fats  less  than  10;  only  in  old  or  rancid  fats  will  it  be  higher. 

1.  Acetylation  According  to  Benedikt-Ulzer.*  15  grams  of  non-volatile, 
water-insoluble  acids,  obtained  from  the  fat  by  the  method  of  page  347  are 
boiled  with  an  equal  volume  of  acetic  anhydride  for  two  hours  under  a  reflux 
condenser;  the  mass  is  rinsed  into  an  Erlenmeyer  flask  with  three  500  c.c. 
portions  of  water,  each  time  boiled  for  one-half  hour  over  a  free  flame  to  re- 
move the  acetic  acid,  the  water  removed  after  each  boiling  by  means  of  a 
separatory  funnel.  To  avoid  bumping,  a  stream  of  carbon  dioxide  is  led  to 
the  bottom  of  the  beaker  through  a  capillary.    The  free  acetic  acid  is  generally 

*  Monatshefte,  8,  40  (1887). 
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removed  by  three  washings  with  water  (test  with  litmus).  The  acetylated 
acids  are  filtered  in  an  air  bath  through  a  dry  filter,  or  are  dissolved  in  ether, 
then  filtered  and  the  solvent  is  evaporated. 

2.  Saponification  of  the  Acetylated  Acids  According  to  Lewkowitsctu  4-5 
grams  of  the  acetylated  acids  are  saponified  by  boiling  with  50  c.c.  of  N/2  (pref- 
erably methyl)  alcoholic  potash  under  a  reflux  condenser;  the  alcohol  is  then 
evaporated,  the  soap  dissolved  in  boiled  water  and  enough  N/2  sulphuric 
acid  (determined  by  a  blank  test)  to  neutralize  the  alkali  is  added.  To  hasten 
the  separation,  a  measured  excess  of  the  acid  is  used.  The  separated  acids 
are  filtered  (see  Hehner  value)  and  washed  with  hot  water  till  this  no  longer 
gives  an  acid  reaction  with  methyl  orange.  In  the  total  filtrate,  the  freed 
acetic  acid  is  titrated  with  N/10  alkali.  The  number  of  c.c.  of  alkali  used 
(subtracting  the  equivalent  of  the  excess  of  sulphuric  acid  added),  multiplied 
by  56.11  and  divided  by  the  amount  of  substance  used,  gives  the  acetyl 
value. 

(i)  Gravimetric  Determination  of  the  Oxy-acids.  The  amount 
of  oxy-acids  present  in  an  oil  may  also  be  approximately  determined 
by  weighing  *  the  acids  insoluble  in  petroleum  ether;  however,  not 
all  oxy-acids  are  insoluble  in  petroleum  ether.  The  method  is 
used  to  compare  the  degree  of  oxidation  of  Unseed  oil  varnishes 
and  blown  oils,  as  well  as  to  determine  the  amount  of  oxidized  acid 
in  degras.    It  is  carried  out  as  follows: 

5  grams  of  fat  are  saponified  with  25  c.c.  of  N/l  alcoholic  alkali;  after 
evaporation  of  the  alcohol,  the  soaps  are  dissolved  in  70  c.c.  of  hot  water  and 
are  then  acidified  with  dilute  hydrochloric  acid  in  a  separatory  funnel.  After 
cooling,  the  mass  is  extracted  with  100  c.c.  of  petroleum  ether;  after  standing 
over  night,  the  ether  solution  becomes  clear,  the  oxy-acids  adhere  to  the  walls 
of  the  funnel  and  can  easily  be  separated  from  the  aqueous  and  petroleum 
ether  layers.  They  are  well  washed  with  petroleum  ether,  dissolved  in  warm 
alcohol,  dried  at  105°  after  evaporation  of  the  alcohol  and  weighed.  If  the 
amount  is  considerable,  they  may  still  contain  unoxydized  acids;  in  this  case 
it  is  advisable  to  redissolve  in  alkali  and  to  re-separate  the  oxy-acids  by  treat- 
ment with  petroleum  ether  and  hydrochloric  acid. 

This  method  is  not  applicable  to  the  determination  of  the  fatty 
acids  of  castor  oil,  since  the  acids,  by  themselves  insoluble  in 
petroleum  ether,  lose  their  insolubility  in  the  presence  of  other 
fatty  acids. 

0)  Hexabromide  Value.  This  is  the  number  of  grams  of 
hexabromide  obtained  from  100  grams  of  fatty  acid.  It  is  a 
measure  of  the  amount  of  linolenic  acid  (oleic,  linolic  and  isolino- 
lenic  acids  are  not  indicated).  Hazura  first  (page  308)  carried 
out  experiments  on  the  bromine  addition  products  of  the  unsat- 

*  Fahrion,  Zeit.  f.  angew.  Chem.,  11,  782  (1898). 
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urated  acids.  Hehner  and  Mitchell  *  used  the  method  in  the 
quantitative  examination  of  oils,  by  allowing  bromine  in  ether- 
glacial  acetic  acid  solution  to  act  on  the  oil;  since,  however, 
evaporation  of  ether  took  place  owing  to  the  temperature  rise, 
the  amount  of  hexabromide  separating  was  variable.  Recently 
the  various  sources  of  error  have  been  studied  by  Eibner  and 
Muggen thaler  f  and  the  following  is  their  procedure: 

1.  Preparation  of  the  Pure  Fatty  Acids.  In  each  of  three  220  c.c.  evapora- 
ting dishes,  3.5  grams  of  oil  are  saponified  with  45  c.c.  of  N/2  alcoholic  potash 
by  heating  on  a  water  bath,  stirring  frequently;  the  resulting  soaps  are  then 
completely  freed  from  alcohol.  The  first  dry  soap  is  dissolved  in  50  c.c.  of  hot 
water  and  then  rinsed  into  the  second  dish,  and  from  this  into  the  third.  The 
combined  solutions  of  less  than  180  c.c.  are  put  into  a  1  liter  separatory  funnel 
and  after  cooling,  the  fatty  acids  set  free  by  adding  20  c.c.  of  5  N  sulphuric 
acid,  are  extracted  with  100  c.c.  ether.  The  lower  layer  is  run  into  a  second 
separatory  funnel  and  extracted  with  40  c.c.  of  ether.  The  combined  ether 
solutions  are  then  dried  with  anhydrous  sodium  sulphate  for  at  least  5 
hours,  best  over  night.  After  drying,  the  solution  is  run  through  a  dry  filter 
paper.  The  ether  is  then  distilled  from  a  200  c.c.  Erlenmeyer  flask  closed 
with  a  two-hole  stopper;  one  hole  carries  a  separatory  funnel  to  add  fresh 
portions  of  wash-ether,  the  other  is  attached  to  a  condenser.  The  ether  dis- 
tilled off  is  used  to  wash  the  Glauber's  salt  (which  absorbs  much  of  the  ether 
solution)  with  five  or  six  100  c.c.  portions  of  ether/ the  paper  being  finally 
washed  in  the  same  way.  When  ether  no  longer  distills,  the  funnel  and  con- 
denser are  disconnected  and  gas  inlet  and  exit  tubes  are  attached,  the  inlet 
tube  reaching  nearly  to  the  bottom,  the  outlet  tube  being  drawn  out  to  a  cap- 
illary. A  stream  of  hydrogen  (purified  by  passing  through  alkaline  lead 
acetate  and  through  cone,  sulphuric  acid)  is  run  at  a  rate  of  5  bubbles  per 
second  over  the  residue  heated  on  a  water  bath.  The  flask  is  then  put  warm 
into  a  vacuum  desiccator,  which  is  evacuated.  After  4  hours  the  flask  is 
quickly  weighed  and  again  desiccated  and  weighed  after  2  hours;  it  is  again 
placed  in  a  desiccator  which  is  evacuated  and  left  over  night  when  the  weight 
is  again  determined. 

2.  Preparation  of  the  xo  per  cent  Solution  of  the  Fatty  Acids.  From  the 
weighed  fatty  acids  (£-10  grams)  a  10  per  cent  solution  is  prepared  by  adding 
40  c.c.  of  ether  (dried  over  calcium  chloride  and  then  filtered)  to  the  flask, 
dissolving  by  gentle  agitation  and  then  making  up  with  ether  to  exactly  100  c.c. 
in  a  graduated  flask. 

3.  Method  of  Bromination.  Twenty  c.c.  of  the  ether  solution  of  the  fatty 
acids  (containing  1.9-2.0  grams)  are  placed  in  a  100  c.c.  Erlenmeyer  flask 
closed  with  a  cork  with  a  groove  cut  in  the  side,  the  flask  being  placed  in  a 
freezing  mixture  and  kept  10  minutes  at  — 10°.  One  c.c.  of  bromine  is  then 
added  drop  by  drop  along  the  sides  of  the  flask,  the  first  0.5  c.c.  being  added  in 
not  lees  than  20  minutes,  the  last  0.5  c.c.  in  not  less  than  10  minutes.    It  is  then 

*  Analyst,  23,  313  (1898). 

t  Farbenztg.,  18,  131,  175,  235,  356,  411,  466,  523,  582,  641  (1912). 
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shaken  and  left  for  2  hours  in  a  freezing  mixture  which  never  gets  warmer  than 
—5°.  In  the  meanwhile  5  test  tubes,  each  containing  5  c.c.  of  ether,  are  placed 
in  the  cold  bath.  A  Gooch  crucible  with  asbestos  mat  is  then  prepared,  dried 
at  110°  and  weighed.  The  separated  hexabromide  is  first  washed  by  decanta- 
tion  and  is  then  transferred  to  the  crucible  in  a  quantitative  manner;  the 
cooled  ether  is  used  to  wash  the  precipitate  and  to  bring  about  its  transfer. 
Suction  should  not  be  applied  during  the  filtration  until  the  last  bit  of  liquid 
has  run  through;  at  the  end  the  precipitate  is  sucked  dry,  the  crucible  wiped 
dry  on  the  outside  and  then  dried  for  two  hours  at  80-85°.  It  is  allowed  to 
cool  in  a  desiccator  and  weighed.  The  hexabromide  should  be  white,  this  color 
being  attained  by  not  allowing  the  precipitate  to  get  dry  during  the  filtration. 
The  hexabromide  is  calculated  on  the  basis  of  100  grams  of  fatty  acid.  Results 
should  check  to  within  1  per  cent. 

Pure  white  hexabromides  obtained  in  tb^is  way  had  the  theoreti- 
cal bromine  content  and  melted  at  177°.  The  various  linseed  oils 
examined  gave  the  hexabromide  values  stated  in  the  following 
table: 


TABLE  76 


Hexabromide  values 

Per  cent 

Source 

Commercial  oils 

Oils  pressed 
in  laboratory 

Of  oils  with 

dark  fatty 

acids 

linolenie 
acid  in  the 
fatty  acids 

Iimita 

Average 

Holland 

51.2-52.3 

50.4-52.7 

50.1-50.9 

58.0 

51.7 
51.7 
50.5 
58.0 

47.7 

48.5-50.6 

50.7 

52.4 

19.0 

India 

52.2-54.3 
50.7-54.6 
58.5-59.1 

19.0 
18.5 

Baltic 

21.3 

These  figures  were  given  by  Eibner  and  Muggenthaler;  they 
have  not,  however,  shown  cause  for  excluding  from  the  average 
values  the  results  obtained  with  oils  pressed  in  the  laboratory  or 
with  oils  containing  dark  fatty  acids;  the  true  average  is  thus  in 
question  until  this  point  is  settled  (Eibner  is  working  on  this 
matter). 

Varnishes  give  lower  hexabromide  values  than  do  linseed  oils, 
the  values  ranging  from  46.7  down  to  39.7;  the  longer  an  oil  has 
been  boiled  the  lower  will  be  this  value.  Polymerized  oils  (see 
page  410)  give  hexabromide  values  under  2  although  the  iodine 
values  range  from  100  to  126,  from  which  it  follows  that,  on  boil- 
ing, mainly  the  linolenie  acid  is  changed. 

Of  the  other  fatty  oils  which  are  used  to  adulterate  linseed  oil, 
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poppy-seed  oil  and  wood  oil  have  the  hexabromide  value  of  0; 
rape  oil,  4.6-7.6,  average  6.3;  soja  bean,  7.2;  perilla  oil,  64.1, 
which  is  equivalent  to  23.5  per  cent  of  linolenic  acid. 

(k)  Oxygen  Absorption.  In  determining  the  liability  of  an 
oil  to  spontaneous  combustion,  the  ability  of  the  oil  to  absorb  oxy- 
gen is  of  importance  (see  page  407) ;  this  test  is  also  of  value  in 
distinguishing  drying,  semi-drying  and  non-drying  oils.  Since 
oleic  acid  is  not  a  drying  component,  while  linolic  and  linolenic 
acid  and  their  glycerides  are  active  dryers,  a  h^gh  iodine  value  in- 
dicates a  drying  oil. 

To  determine  the  drying  power  one  drop  of  oil  is  spread  over  a  glass  plate, 
5  cm.  by  10  cm.,  and  kept  at  50°  in  a  drying  closet,  or  simply  left  at  room 
temperature.  The  consistency  is  determined  from  time  to  time  and  the 
appearance  of  a  dry,  thick  skin  watched  for. 

The  semi-drying  oils  require  7-10  days  for  drying;  rape  oil 
which  is  between  a  semi-drying  and  a  non-drying  oil,  gets  very 
viscous  and  sticky  after  12  days.  Of  the  drying  oils,  poppy-seed 
oil  requires  6  days,  linseed  oil,  3-4  days,  varnish  and  wood  oil 
will  be  dry  after  one  day.  The  temperature,  humidity  and  light 
intensity  effect  the  outcome  of  the  test. 

Attempts  have  been  made  to  measure  the  oxygen  absorption 
quantitatively,  although  none  of  the  methods  have  attained  much 
importance.  This  is,  in  part,  due  to  the  fact  that  when  oxygen  is 
absorbed,  water  and  carbon  dioxide  will  be  split  off  and  fatty  acids 
of  low  molecular  weight  and  aldehyde-like  bodies  will  form. 

In  the  method  of  Livache  *  the  oil  is  allowed  to  oxidize  in  a  thin  film  under 
the  catalytic  influence  of  lead.  The  finely-divided  lead  is  prepared  by  precipi- 
tation from  lead  acetate  solution  with  zinc,  washing  with  water,  alcohol  and 
with  ether  and  drying  in  a  vacuum.  One  gram  of  powder  is  put  on  a  watch 
glass  and  0.7  gram  oil  is  dropped  on  the  lead  so  that  the  drops  do  not  run 
together.  These  samples  are  allowed  to  stand  at  room  temperature  and  ex- 
posed to  light;  the  maximum  weight  is  determined,  this  being  attained  gener- 
ally in  18  hours  with  drying  oils,  the  non-drying  oils  requiring  4-5  days  to 
show  an  increase  in  weight.  After  two  days  the  increase  in  weight  with  linseed 
oil  was  14.3  per  cent;  walnut  oil,  7.9;  poppy-seed  oil,  6.8;  cottonseed  oil, 
5.9;  on  the  other  hand  0.0  per  cent  for  olive  oil,  rape  oil,  peanut  oil  and  sesame 
oil. 

In  the  method  of  Weger  and  Lippert,t  the  oil  is  spread  in  a  thin  film  over 
glass  plates  (0.0004-0.0008  gram  on  1  sq.  cm.)  and  weighed  from  time  to  time. 

*  Compt.  Rend.,  102,  1167  (1886). 
t  Ubbelohde,  Bd.  I,  274. 
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The  results  are  higher  than  those  of  Livache;  it  appears  to  be  a  more  practical 
test  but  is  not  very  accurate,  since  the  weighings  should  be  made  to  hundredths 
of  a  milligram. 

XV.  Short  Review  op  the  Procedure  in  Testing  Fatty 

Oils  Free  from  Mineral  Oil 

With  all  fatty  bodies,  after  making  a  qualitative  test  of  saponi- 
fiability or  after  separating  unsaponifiable  matter  by  the  method 
of  Spitz  and  Honig,  the  iodine  and  saponification  values  are  de- 
termined; these  values  allow  a  classification  of  the  oil  by  means  of 
the  points  developed  in  the  preceding  pages  and  Tables  77  to  82. 
Iodine  values  above  the  normal  ones  for  olive,  rape  and  neat's-foot 
oils  at  once  suggest  an  adulteration.  Iodine  values  over  85,  with 
saponification  values  under  188,  point  to  rape  oil;  the  low  saponi- 
fication value  is,  however,  characteristic  of  all  crucifer  oils,  as  well 
as  for  castor  oil  and  the  so-called  liquid  waxes.  The  oils  mentioned, 
and  rape  oil,  can  be  distinguished  by  the  petroleum  ether  extract 
of  the  soap  solution  (liquid  waxes  contain  considerable  amounts 
of  vaseline-like  higher  alcohols),  odor  (liquid  waxes  have  a  peculiar 
fish-like  odor),  solubility  in  90  per  cent  alcohol,  as  well  as  in  petro- 
leum ether,  high  viscosity  (the  last  three  tests  characterize  castor 
eil),  the  erucic  acid  test,  etc.  If  in  an  olive  oil  a  normal  saponifi- 
cation value  and  an  iodine  value  over  80  is  found,  the  Baudouin 
and  Halphen  tests  for  sesame  and  cottonseed  oils  are  made.  If 
these  oils  are  absent,  the  solubility  of  the  potassium  soaps  in  alco- 
hol is  determined  according  to  Table  77;  if  no  precipitate  is  shown 
at  18°  C.  after  standing  i  hour,  more  than  15  per  cent  of  peanut 
oil  is  not  present.  Cloudiness  without  precipitation  may  arise 
with  pure  olive  oil;  if  a  precipitate  forms,  the  amount  of  arachidic 
acid  is  determined  and  if  more  than  0.2  per  cent  is  found,  peanut 
oil  may  be  present. 

As  with  olive  oil,  so  also  with  other  fatty  oils  (neat's-foot  and 
rape  oils),  after  determining  the  acidity,  the  iodine  and  saponifica- 
tion values  should  be  established  and  then  the  further  tests  applied. 
To  detect  vegetable  oil  in  animal  oil,  the  phytosterin  acetate  test 
is  made  (page  341).  With  oils  having  a  high  acidity,  the  iodine 
and  saponification  values  of  the  fatty  acids  only  are  to  be  deter- 
mined; the  Baudouin  and  Halphen  tests  may  also  be  applied  to 
these.  A  saponification  value  below  the  normal  for  olive  oil, 
neat's-foot  oil  and  bone  oil,  if  the  specific  gravity  is  also  low  (under 
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0.910),  points  to  the  presence  of  liquid  waxes,  which  may,  how- 
ever, be  characterized  by  means  of  their  unsaponifiable  alcohols 
of  high  molecular  weight.  A  low  iodine  value  in  olive,  rape  and 
bone  oils,  if  the  specific  gravity  is  beyond  the  normal  limits,  points 
to  thickening  of  the  oil;  in  this  case  the  viscosity  and  content  of 
oxy-acids  give  valuable  information.  The  increase  in  oxy-acids 
need  not  run  parallel  with  the  iodine  value,  since  the  thickening 
may  have  been  due  to  polymerization  as  well  as  oxidation. 
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XVI.  TABULAR  VIEW  OF  PROPERTIES 

TABLE 
Vegetable  Non-drying 

(The  lea  common  values  enclosed  in  brackets.) 


Viscos- 
ity, 
(Englcr) 
at20*C. 

Index 
of  re- 
frac- 
tion 
20* 

Specific 
gravity 
at  15° 

Solidifi- 
cation 
point 
0*C. 

Saponi- 
fication 
num- 
ber 

Iodine  value 

Reich- 

ert- 
Meissl 
value 

Kind  of  oil. 

of  the 
oil 

of  the 
fatty 
acids 

Olive  oil,    from 

11  to  13 

1.467 

0.0140 

Some 

189 

79 

86  to  90 

0.3 

the    flesh    of 

to 

to 

still 

to 

to 

(0.6) 

olives. 

1.471 

0.0100, 

Uq  uid  at 
—6,  solid 

196 

85 

Otoenölor 

61.7 

less 

(185) 

(88.7) 

Baumöl 

to 

valu- 

at-9; 

gener- 

76.6 

Built  d'olitu. 

68 

able 

others 

ally 

Japa- 

scale di- 

0.0200 

solid  at 

near 

nese 

• 

visions 

to 
0.0290 

0° 

190 

oil 

• 

Olive  kernel  oil,  t 

25* 

0.018 

182 

87 

Olivenkernßl, 

1.4682 

to 

to 

to 

HuiU  it  soyess 

to 

0.920 

188.6 

88 

d'oUtt 

1.4688 

Peanut  (arachis)l 

10 

1.468 

0.9163 

Gener- 

189 

86 

98 

0.5 

oil. 

to 

to 

to 

ally 
solid  at 

to 

to 

to 

to 

Brdnustöl, 

12 

1.472 

0.9200 

194 

98 

103 

1.6 

HuiUd'erackide 

63.2 

to 

60.6 

<)• 

(103) 

scale  di- 

visions 

Castor  oil. 

130 

1.477 

0.9813 

-10* 

176 

82 

86 

1.1 

RisisutaOl, 

to 

to 

to 

to 

to 

to 

to 

to 

HuiU  it  ricin 

140 

1.478 
77.6 
to 
70.4 
scale  di- 
visions 

0.9736 

-18* 

183 

(186.6) 

88 

93 

2.8 

Grape  seed  oil, 

0.9202 

-11° 

178 

94 

99 

0.46 

Traübenkernöl, 

to 

to 

to 

to 

HuiU  de  pepint 

0.9661 

-17* 

170 

96 

d*  rutin» 

180.6 

to 
194.41 

143  •• 

130 

to 

1461 

Cureasoil, 

25* 

0.9192 

-8° 

193.2 

98.3 

105 

055 

JPurJfcastf, 

1.4681 

to 

to 

to 

Huüe  de  Pignon 

to 

0.9210 

200.4 

110 

d'Torde 

1.4870 

*  Analyst,  ISM,  328.  The  author  separated  the  stearic  acid  according  to  page  305.  The 
result  is  not  free  from  criticism. 

t  An  oil  with  an  iodine  value  of  95  is  known  on  the  market  as  Morocco  oil,  but  it  is  not 
obtained  from  the  oiive  but  from  a  variety  of  nut  grown  in  Morocco.  The  so-called  Java  olive 
oil  is  likewise  not  obtained  from  olives  ( Sasserat h,  Zeit.  f.  Nähr,  und  Genussmit,  10, 749  (1910)). 

X  Brasil  nut  oil  (Bertholethia  eicelsa)  specific  gravity  0.918,  solidification  point  0*,  saponifi- 
cation value  193.4.  iodine  value  of  fatty  acids  106.0,  melting  points  of  acids  28*  to  30*. 

I  According  to  Hehner  and  Mitchell  7  per  cent  stearic  acid;  according  to  Hasura  (Monat- 
shefte, 10,  242)  some  hypogaeio  acid  (C,#H*Q,). 

I  Compt.  Rend.,  72.  1330.    Also  Tortdli  and  Raggeri 
J.  8oo.  Chem.  Ind.,  UM,  1124. 


Chem.  Ztg.,  16)98,  600;  Archbutt, 
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Oils  and  Solid  Fats 

Vegetable  non-drying  oils  an4  solid  fate. 


Acetyl 
value 

Hehner 
value 

Melting 
point 

of  fatty 
adds 

•c. 

Solidi- 
fication 
point 
of  fatty 
adds 

•c. 

Behavior  of  the 
soap  solution 
prepared  ac- 
cording to 
page  328 

Main  components 
of  the  oil 

Reactions  and 
peculiarities 

4.7 

94  to  96 

22 

to 

28.5 

19 

to 

23 

Cali- 

fornian 

oils 

17 

to 

24.6 

Generally  clear 
at  18°  to  20*. 
Oils  with  lit- 
tle   arachidie 
add    show   a 
floooulent  pre- 
dpitate    after 
1   to   |    hour 
standing. 

Oldn,  little  lino- 
lein  and  consid- 
erable      mixed 
glyoerides   con- 
taining     much 
palmitio     add. 
According       to 
Hehner    and 
Mitchell  stearic 
add  is  absent.* 

Arachidie  acid 
present  in  small 
amount,  up  to 
1.4%  unseponi- 
fiable  compo- 
nents. Elaidin 
test:  yellow- 
white  and  hard. 

22.5 

Oldn.  little  palmi- 
tin  and  stearin 
and  no  arachidie 
add  (?). 

It  is  more  soluble 

in  alcohol  and 
glacial  aostic 
add  than  is 
olive  oil  prob- 
ably because  of 
its  nigh  content 
of  fatty  adds. 

34 

94 
to 
9ft 

27.7 
to 
33 

22 

to 

29.5 

Gelatinised    at 
18  to  20°. 

Oldn,    palmitin, 
stearin,!  arachin 
corresponding  to 
5%  of  arachidie 
add.  M.  P.  75*. 

Detection  of  the 
oil  according  to 
Renardll  by 
isolating  the 
"  crude  arachid- 
io  acid"  (a 
mixture  of  ara- 
chidie add  and 
Ugnooeric  add. 

150 

to 

154 

13 

3 

Clear  at  0*;  10% 
rape  oil,  pea- 
nut   oil    and 
cottonseed  oil 
give  floccu- 
Ient     precipi- 
tates. 

Glyoerides  of  ri- 
dnoldc      aeid 
(oxyadd)  and 
its   isomers,   as 
well   as    little 
stearin. 

Misdble  in  all 
proportions  with 
W%  alcohol,  in- 
soluble in  petro- 
leum ether  and 
naphtha,  0.3  to 
0.37%  unsaponi- 
fiable. 

144.5 

(?) 

fatty 
ados 

92 
to 
97 

23 
to 
25 

18 
to 
20 

Glyoeridee  of  oxy- 
acids  in   larger 
amounts,       ac- 
cording to  Fita 
eruoin. 

Color  of  oil,  golden 
ydlow  to  green. 

17.6 

96.5 

24 
to 
26 

28.6 

80%palmitin,20% 
stearin    in    the 
solid  adds   (O. 
Klein),    up    to 
0.6%    unsaponi- 
fiable. 

Unpleasant  odor. 

to 

34.7 

t  Marre,  Rev.  chim.  pure  et  appl.,  1911, 186;  Zdt.  f.  angew.  Chem.,  1911,  2033. 

**  Ulser  and  Zumpfe  find  that  grape  oeed  oil  is  easily  soluble  in  petroleum  ether,  and  that  the 
lead  salts  insoluble  in  ether  give  7  to  8  per  cent  of  fatty  adds  of  melting  point  56°  and  iodine 
value  0.4,  bdng  a  mixture  of  stearic  aud  palmitic  adds;  the  adds  from  the  lead  salts  soluble  in 
ether  are  shown  (by  oxidation  with  KMdO*)  to  consist  mainly  of  linolio  and  some  olde  and 
ridnoldc  adds.  Lead  salts  insoluble  in  cola  ether  but  soluble  in  hot  ether  are  present  only 
in  traces;  the  separated  adds  give  on  oxidation  an  add  of  I  molting  point  115*  (ataxybehenio 
add  and  erucic  add  M.  P.  127*).  Since  the  acid  has  an  iodine  value  of  0.4,  the  assumption  of 
Fits  seems  incorrect. 
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TABLE 
Vegetable  Non-drying  Oils 

common  values  are  placed  in  brackets) 


Kind  of  oil 


Almond  oil.* 
Mandelöl, 
HuiU  d'amandee 


Coooanut  oil, 
Kokoenueeöl, 
Beurre  de  coco 


Palm  oil,  from 
fleshy  part  of 
fruit, 

Palmöl. 

Huile  de  palme 


Palm  nut  oil, 
PalmkernÖl, 
Huile  de  palmieU 


Vegetable  tallow, 
from  seeds  of 
Stilingia  eebifera. 
Chin.  Talg, 
Suif  vegetal*  de 
Chine 


Cocoa  butter, 
Kakaobutter, 
Beurre  de  Cacao 


Dika  oil,  from 
seeds  of  Irvingia 
oabonene, 

DikafeU 

Beurre  de  dika 

Mace  butter. 
Muekatbutter, 
Beurre  de  muecade 


Laurel  oil, 
Lorbeerfett, 
HuiU  de  Lauriel 


Japan  wax 
JapanxDacks, 
Ore  du  Japon 


Con- 
sist- 
ency 

Indei  of 
refrac- 
tion 

Speoifio 
gravity 

1.4728 
15.5* 

0.9160 

to 
0.9200 

Solid 

60* 

1.441 

40* 

33.5-36.3 

scale 
divisions 

0.9250 

to 
0.9383 

Same 

60° 

1.451 

40* 

47  scale 

divisions 

0.9210 

to 
0.948 

Same 

60* 
1.4431 

40* 

36-36.5 

scale 

divisions 

0.9410 

to 
0.9520 

Same 

Scale 

divisions 

at  50" 

38 

0.915 

to 
0.922 

Same 

60* 
1.4220 

0.950 

to 
0.995 

Same 

(Schadler) 
0.830 

Same 

40* 
1.4704 

0.945 

to 
0.996 

Like 
butter 

0.9322 

Solid 

0.970 

to 
0.980 

Solidifi- 
cation 
point, 

•c. 


-10 

to 

-21.5 


Becomes 
solid 

14-23.1, 
melts 

20.3-28 


Melts 
accord- 
ing to 
age  and 
source 
from  27 
to  42.5 


Melts 

between 

23  and 

28 


Trade 
samples 

24-29, 
extracted 

with 

solvents 

34 


23-26, 

melts 

between 

30-33 


•M.o, 

melts 
29.81 


41-42, 

melts 

38.5-51 


24-25, 

melts 

32  to  36 


48.5-53 


Saponi- 
fication 
value 

Iodine  value 

of  oil 

of  fatty 
acids 

190  to  196 

(183), 

generally 

near  191 

93  to 

102 

93-96 

246  to 

258 

(268) 

8.6  to 
9.4, 

oil 
from 
rind 

40 

8.8  to 

10, 
liquid 
acids 

54 

196  to 
207 

61  to  58 

53.3, 
liquid 
fatty 
acids 
95-99 

241  to 
250 

10  to  18 

112-13.6 

199  to 
210 

28-38 

80-89 

192-194 
(200) 

34  to  37, 
Bahia 
fat  38 
to  41.7 

32.6  to 
39.1 

244.5 

30.9  to 
31.3 

153.5  to 

161 
(1914) 

40.1  to 
59 

197  to 
198 

68-80 

81.6  to 
82.0 

217  to 

237.6 

(206.6  to 

212) 

4.9to 

8.5 

(11.9  to 

12.8) 

42.1 

Reicb- 

ert- 

Meissl 

value 


5.6to 

7.4 

(8.4) 


0.5  to 
1.9 


5-f 


0.7 


0.3  to 
1.6 


0.42 


l.Oto 
4.2 


1.6 


1.2 


at  once  a  cherry  red  color.    See  ChwoIIes,  Pharm.  Ztg.,  INI.  109. 


water) 
kernel  oil 
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and  Solid  Fats  [Continued) 


Acetyl 
value 

Hebner 
value 

Melting 

point  of 

fatty 

acids, 

°C. 

Solidifi- 
cation point 
of  fatty 
acids, 
°C. 

Main  components  of 
the  oil 

Reactions  and  other 
characteristics 

5.8 

96-97 

12-14 

9.5-10.1 

(from  sweet 

almonds), 

11.3-11.8 

(from  bitter 

almonds) 

Rieb  in  olein,  no  stearin 
(Hebner  and  Mitchell, 
and  Guaserow) 

With  nitric  acid  (sp.  gr. 
1.4)  a  faint  yellow  color, 
while  apricot  and  cherry- 
kernel  oilsgivean  orange 
color,  t 

0.9-12.3 

82.4-90.5 

24-27 

15.7-20.4, 
titer  test 
21.2-25.2 

Similar  to  palm  nut  oil. 
large  amounts  of  my- 
ristin  and  laurin,  small- 
er amounts  of  palmatin, 
olein,    caprin,   caprylin 
and  caproin 

Quite  soluble  in  alcohol; 

1  volume  oil  soluble  in 

2  parts  of  90  per  cent  of 
alcohol. 

1.8 

94.2-97.0 

47.8-50 

35.8-45.8 

Palmatin,     olein,     very 
little  linolic  acid.    1  per 
cent  stearic  and  acids  of 
high  molecular  weight 

Color  between  orange  yel- 
low and  dirty  dark  red; 
large  content  of  free  acid 
(almost  100  per  cent). 

1.9-4.8 

87  6-91.1 

25-28.6 

20-25.5 

26.6  per  cent  olein,  33  per 
cent  stearin,   palmatin 
and  myristin,  44.4  per 
cent  laurin,  caprin,  ca- 
prylin and  caproin 

Color  white,  pleasant  odor 
and  taste  (nutty). 

93.5 

»Commercial  samples 

47-37     |       42-52 

Extracted  with 
solvents 

39-40     |       34-35 

Palmatin  and  olein,  40.3 
per  cent  stearin  (Hebner 
and  Mitchell) 

Melting  point  of  commer- 
cial samples  of  the  fat, 
44-46°;  of  samples  ex- 
tracted with  solvents, 
37-38°. 

94.6 

48-52 

45-17 

Palmitin-steario  acid,  oleic 
acid,     arachidio     acid, 
mixed  glyoerides 

Björklund's  ether  testt 
8  -  1.1-1.95  (10-year  old 
sample  S  -  4.6). 

According  to  Oudemann 
laurin  and  myristin 

With  the  Björklund  test 

acta  like  cocoa  butter 

42.5 

40.0 

Trimyristin,  10  per  cent 
essential  oil 

White  color. 

14.3-15.1 

Trilaurin,  olein 

Green  color,  characteristic 
odor  and  taste. 

27-31.2 

90.6 

56-62 

53-56.5 

Glycerides    of    palmitio 
acid,        Japan        acid 
(CjiHfA).    a    volatile 
acid,  free  palmitio  acid 

|  Zeit.  f.  analyt.  ehem.,  8,  283. 
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(The  less  oommon  values  are  placed  in  bracket«) 


TABLE 
Vegetable  Semi- 


Kind  of  oil 

Engler 
viscos- 
ity at 
20° 

Index  of 
refrac- 
tion, 
20* 

Specific 
gravity 
at  15* 

Solidifi- 
cation 
point, 

•c 

Saponifi- 
cation 
number 

Iodine  value 

Reich- 
ort- 

of  the  oil 

of  the 

fattv 

acids 

Meissl 
value 

Cottonseed  oil, 
BaumwoUaaatöl 

(CoUonöl), 
Huüe  de  Colon 

9-10 

1.474  to 

to 

1.476, 

72.7-76 

scale 

divisions 

0.9220 

to 
0.9300 

Gener- 
ally at 
0° 

191-198 

generally 

near  195 

102-111, 
(117) 

111-116, 

liquid 

fatty 

acids 

147-148 

0.4-1 

Kapok  oil, 
Kapoköli, 
Huüe  de  kapok 

In  Oleo. 

refract. 

51.2 

scale 

divisions 

0.9164 

to 
0.9237 

29.67 

191-197 
(205) 

118-119 

108 
(122.6)7 

3.3 

Sesame  oil, 
Seeamöl, 
Huüe  de  eeeame 

10-10.5 

1.475  to 
1.476. 

74.3-76 

scale 

divisions 

0.9220 

to 
0.9237 
(0.9210) 

Between 

—3  and 

-5 

188-195 

103-112 
(117) 

109-112 

1.2 

Corn  (maise) 

oil, 
Maitöl, 
Huüe  de  tnaü 

15.5* 
1.4768 

0.9215 

to 

0.9239 

(0.9262) 

-10  to 
-20 

188-193 

113-125 

• 

125, 

liquid 

fattv 

acids 

141-144! 

0.33  to 
2.55 

Cameline  oil, 
LeindoUerOl 

dtech.  SeaamOl 
Huüe  de 

cameline 

In  Oleo. 
refract. 
32 

scale 
divisions 

0.9228 

to 
0.9270 
(0.9329) 

-18 

188 

133-135 

137 

Soja  bean  oilll, 
Sajabohnenol, 
Huüe  de  eoja 

8-9 

15° 
1.4765 

to 
1.4775 

0.9246 

to 
0.927 

-8  to 
-16 

191 

192.2  to 

194 

130-135 
(121-124)7 

131? 

0.45 

to 

0.69 

Pumpkin  seed 

oil, 
Kurbiskernöl 

25"  scale 

divisions 

70-72.5 

(Poda) 

0.9197 

to 
0.9250 

-15 

188-195 

121-130 

1.2 

to 

1.8 

Beechnut  oil, 
Buckeckernöl, 
Huüe  de  feine 

In  Oleo. 

refract. 

scale 

divisions 

16.5-18 

0.9205 

to 
0.9225 

-17 

191-196 

104-120 

114 

Rape  (Colsa) 

Oll, 

RübÖl, 
HuüedeColza 

11-15 
gener- 
ally 
near 
13 

1.472  to 

1.478, 

60.5-78 

scale 
divisions 

0.9132 

to 
0.9175 

Gener- 
ally at 
0°  tallow- 
like, 5-10 

hours 
cooling 

with 
stirring 

171-179 

(180) 

generally 

near  175 

97-105 
(108) 

99-106. 
liquid 
fattv 
acids 
121  to 
126f 

0.25 
to 
0.4 

Black  mustard 

oil, 
Sckxoarseenf- 

«oo(0f, 
Huüe  de  mou- 

tarde  noire 

15. 5° 
1.4672 

0.9160 

to 
0.9200 

-5 

174-175 

96-107 

no 

White  mustard 

oil, 
Weiauenf- 

•seftf, 
Huüe  ie  mou- 

torde  blanche 

15.5* 
1.4750 

0.9125 

to 
0.9160 

-8  to 

-16 

Sch&dler 

170-171 

92-98 

95-96 

*  In  cottonseed  stearin  (pressed  off  from  the  oil)  3.3  per  cent  of  stearic  acid  is  present  according 
to  Hehner  and  Mitchell. 
t  Henriques.  Chem.  Ztg.,  IBM:  Philippe,  Moniteur  Sdentif.,  190t,  728. 
{  Wallenstein  u.  Fink,  Chem.  Ztg.,  IBM,  1191. 
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drying  Oils 


Acetyl 
value 

Hehner 
value 

Melting 
point 
of  the 
fatty 
acids, 
°C. 

Solidifi- 
cation 

point  of 

fatty 

acids, 

°C. 

Behavior 
soap  sol- 
ution at 

20* 
(page  328) 

16.6 

95.9- 
96.2 

34-38.5 

Titer 

test 

32.2-37.6 

Heavy 
flocou- 

lent 
precip- 
itate 

95 

29 
(36) 

23-24 

11.5 

96.6- 
95.9 

21-31.5 

21-24 

Titer 

test 

21-23.8 

Heavy 
floocu- 

lent 
precip- 
itate 

7.8- 
8.75 

88.2- 
95.7 

18-20 

14-16 

••*»•••• 

18-20 

13-14 

95.9- 
96.0 
94.2 

26-28 

23-24 
16-17 

96.2 

26.5- 
29.8 

24.5 

(Schäd- 
ler) 

95.2 

23-24 

17 

6.3 

95 

16-21 

Titer 

test 

11.7-13.6 

Solid 
yellow 
white 

95 

16-17 

15-17 

96.7 

15-16 

17 

Main  components 
of  oil 


Linolein,  olein,  stearin,* 
pal  matin 


Same 


Linolein,  olein,  stearin, 
palmatin 


4.5-7.5  per  cent  solid 
fatty  acids  (Hopkins 
and  others);  no  stea- 
rin according  to  Heh- 
ner and  Mitchell. 
1.35-1.55  unsaponifi- 
able  matter 

Qlycerides  of  oleic,  pal- 
mitic, erucic  and  an 
isomer  of  linolio  add 


80  per  cent  liquid  acids, 
70  per  cent  oleic  acid, 
24  per  cent  linolic, 
6  per  cent  linolenic 
acid,  0.2-0.7  per  cent 
unsaponi  nable 


Little  investigated 


Little  investigated 


Glycerides    of    erucic, 
rapic     and     stearic 
acids,     0.4-1.43     per 
cent  arachidic  acid 


Resembles  rape  oil. 
According  to  Arch- 
butt,  1.18  per  cent  of 
arachidic  and  ligno- 
ceric  acids 


Similar  to  black  mus- 
tard seed  oil 


Reactions  and  other 
characteristics 


Bechi,  Milliau  and  Hal- 
phen  reactions;  1.64 
per  cent  of  a  yellow  un- 
saponifiable  oil.  Crude 
oil  is  ruby  red  to  al- 
most black. 


Green  color,  gives  Hal- 
phen  reaction. 


Baudouin  reaction. 


Oil  from  first  pressing 
pale  yellow  to  golden, 
from  second  pressing 
red  brown;  the  latter 
is  richer  in  free  fatty 
acids. 


Golden  yellow  color. 
The  cold-pressed  oil, 
like  that  of  all  oils 
from  the  crucifers, 
free  from  sulphur  when 
prepared  in  this  way. 


Fairly  good  drying,about 
like  poppy-seed  oil. 


Color  green  to  red,  ac- 
cording to  the  pressing. 


Light  yellow. 


Crude  oil  has  a  peculiar 
odor,  gives  a  green 
colorwithH|S04(1.53) 
page  336 


The  crude  oil  generally 
contains  sulphur. 


Sulphur  cannot  be  de- 
tected in    the    cold- 
oil. 


}  High  Reiohert-Meisal  value  (4.2-4.4)  obtained  in  oils  from  fermentation  vats.  Winfield  ob- 
tained values  as  high  as  9.9. 

||  Meister,  Farben  Ztg.,  15,  Nr.  33;  Oettinger  and  Buchta,  Zeit.  f.  angew.  Chem.,  1911,  828. 
Keimatsu,  Chem.  Ztg.,  1911,  839;  Matthes  and  Dahle,  Arch.  d.  Pharmane,  1911,  424,  249;  Zeit, 
f.  angew.  Chem.,  99,179  (1912). 
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TABLE 
Vegetable 


(The  less  common  values 

are  placed  in 

brackets) 

Engler 
viscos- 
ity at 
20* 

Index  of 

refraction, 

20* 

Specific 

gravity, 

15 

Solidifi- 
cation 
point, 

•c. 

Saponifi- 
cation 
value 

Iodine  value 

Kind  of  oil 

of  the 
oil 

of  the 
fatty 
acias 

Poppy-seed  oil, 
Mohnöl, 
Huile  d'oeillette 

8.0-8.1 

1.478, 
79.4  scale 
divisions 

0.9240 

to 
0.9270 

Generally 

still 

liquid  at 

—15,  solid 

at -18 

,190-198 

134-143 
(157.5) 

139, 
liquid 
fatty 
acids 

150 

Sunflower  oil, 
Sonnenblumenöl, 
Huile  de  toUü 

8.2 

60* 
1.4611 

0.9240 

to 

0.9260 

(0.9325) 

StiU  liquid 

at  -12, 

partially 

solid  at 

-17 

188-1M 

122-135 

133-134 
(124) 

Walnut  oil, 
NussOl, 
Huile  de  noix 

22a 

1.4804 

0.9250 

to 
0.0265 

Liquid  at 
-15, 

•solid  at 
-27.5 

189-197 

143-148 
(152) 

151. 
liquid 
fatty 
acids 

167 

Hemp-seed  oil, 

HanM, 

Huue  de  ckSuene 

8.3 

Oleo. 
refract. 

scale 

divisions 

22° 

34-37 

0.9250 

to 
0.9280 
(0.9310) 

Liquid  at 

-15, 

solid  at 

-27.5 

190-194 

157-166 

160-170 

Linseed  oil, 
Leinöl, 
HuUe  de  lin 

6.&-7.4 

1.481  to 
1.484, 
84-90 
scale 

divisions 

0.9305 

to 

0.9357 

(0.9370) 

Liquid  at 

-15, 
solid  be- 
tween 
—16  and 
-21 

188-192 

(187.6) 

(200-221) 

Baltic 
181-204, 

Indian 
176-191, 
La  Plata 
171-186, 

South 
Russian 
176-182, 

North 

American 

17fcJ88 

196 
188-193 

181 
Wijs206 

179-182 

Perillaoill 

15° 

1.483  to 

1.485 

0.928 

to 

0.931 

187-192 
194-197 

200 

Plukenetia 
oil} 

5.6-6.5 

15* 

1.483  to 

1.484 

0.9354 

to 
0.9860 

Liquid  at 

-15, 

faintly  tur- 

bidtnot 

liquid  at 

-21 

191-192 

177  lKr.> 
(H.  a.  11.) 

195-200 
(H.  a.  MO 

187  (Kr.) 

TungH  (wood) 

oil, 
HoUOl  Tunfföl, 
Huüedebot» 

39 

1.503 

25* 

1.510  to 

1.519 

0.9406 

to 
0.9440 
(0.9360) 

Fresh  oil 

solidifies  at 

+2  or  +3, 

old  oil  is 

still  liquid 

but  viscous 

at -18, 

solidifies 

at -21 

190-196 

155.6  (7) 

221  (7) 

the  fatty 

acids 

188.8 

159-163 
171 

100-170 

*  Bach,  Zeit.  f.  öffentl.  Chem.,  1M6, 168;  Thorns  and  Fendler,  Chem.  Ztg.,  18,  Nr.  72  (1904). 
f  Jensen,  Chem.  Zentrallblatt,  1911,  II,  797. 

t  Rosenthal,  Farben.  Ztg.,  if,  739  (1912);  Heister,  Farben.  Ztg.,  16,  266;  Niegemann,  Farben. 
Ztg.,  IT,  Nr.  6. 
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80 

Drying  Oils 


Acetyl 
value 

Melting 

point  of 

fatty 

acida, 

•c. 

Solidifi- 
cation 

point  of 
fatty 
acida, 

•c. 

Main  components  of  the  oil 

Reactions  and  other  charac- 
teristics 

13.1 

20.^21 

15.4-16.5 

Stearin  and  palmatin.    In  the 
liquid  fatty  acida  65  per  cent 
linolic  acid,  30  per  cent  oleio 
and  5  per  cent  linolenio  and 
isolinolenic  acids 

Much  used  for  making  oil  colors 
in  tubes. 

22-28 

(17) 

17-18 

The  liquid  fatty  acida  consist 
mainly  of  linolic  and  a  little 
oleio  acid 

Unsaponifiable  0.3-0.7  per  cent. 

• 

4.6 

16-20 

16 

Myristic  and  laurio  acid  glycer- 
ldes.    Liquid   acids,    mainly 
linolic  and  small  amounts  of 
oleic,    linolenio   and   isolino- 
lenic acids 

Used  by  artists  because  it  drys 
to  a  good  varnish,  while  lin- 
seed oil  varnish  is  liable  to 
crack. 

7.6-20 

17-19 

15.6-16.6 

Stearin  and  palmitin.    Glycer- 
ides  of  linolic  acid,  little  oleic, 
linolenio  and  isolinolenic  acid 

5  parts  oil  (unrefined)  shaken 
with  1  part  of  Bieber's  reagent 
gives  a  green  then  black  color. 

8.5 

17-21 

19-20.6 

0.6-0.8  per  cent  of  unsaponifiable; 
10-15  per  cent  of  solid  glycer- 
ides   (palmitin,  stearin,  my- 
ristin),  85  per  cent  liquid  glyc- 
erides  (17.5  per  cent  oleic,  30 
per  cent  linolic  and  38  per  cent 
linolenio     acids).    See    hexa- 
bromide  value  page  354 

Cold-pressed  oil  (1  sample)  con- 
tains 0.42  per  cent,  warm- 
pressed  oil  contains  0.32-0.92 
per  cent,  extracted  oil  0.61' 
0.92,  boiled  oil  0.43-0.74,  per 
cent  of  unsaponifiable  oil.* 
The  Liebermann  reaction  for 
rosin  fails  with  linseed  oil,  for 
rosin  free  oils  give  a  color  in 
proportion  to  the  amount  of 
unsaponifiable  material  con- 
tained, t 

-4  to 
-5 

Has  greater  drying  power  than 

linseed  oiL     "     ~  " 

25-28 

The  same. 

Reichert-Meiasl     value     0.5-1. 
Polenske  value  0.2-0.3. 

43.8 
30-40 

31.2 

Is  said  to  consist  of  olein  and  75 
per  cent  elaeomargarin  (glyo- 
eride  of  the  acid  C„H«O0. 
This  elaeomargaric  acid  (M.P. 
48°)   chanses  to   elaeostearic 
add  (M.P.  72)  by  action  of 
light  (Kronstein).    According 
to  FahrionlT  contains  10  per 
cent  oleic  and  only  2-3  per  cent 
saturated  acid 

Milliau  and  Bechi  reactions  posi- 
tive. Evaporated  from  car- 
bon disulphide  solution,  a 
crystalline  mass  melting  at 
34  .  Becomes  gelatinous  on 
boiling.    Odorl 

S  Krause,  Tropenflanser,  1909,  281;  Holde  and  Meyerheim,  Chem.  Ztg.,  1911, 1075. 
II  David  and  Holmes,  Pharm.  Jour.,  IBM,  634, 636;  Cloes,  Bullet.  Society  Ghimique,  N,  288; 
Negri  and  Sburlati,  Analyst.,  1M6,  113. 
T  Farben.  Ztg.,  1912. 
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TABLE 
Animal  Fats 


(The  less  common  values  are  placed  in  brackets) 

. 

Consistency 
at  room 
temper- 
ature 

Index 

of 
refrac- 
tion 

Specific 

gravity 

15° 

Solidification 

point, 

°C. 

Saponi- 
fication 
value 

Iodine  value 

Kind  of  oil 

of  the 
oil 

of  the 
fatty 
acids 

Neat's-foot  oil, 

bone  fat, 
KlauenfetU, 
KnockenßU, 
Huile  de  ptede  de 

bumf,  euifd'oe 

Oils  rich  in 
stearin, 

often  solid; 

Engler  vis- 
cosity at 
20» 

12.0 

20w 

1.466  to 
1.470, 
60-66 
scale 

divisions 

0.914- 
0.916 

Aooording  to 
the  method 
of  prepara- 
tion, above 
or  below  0 

191-203 

Aooord- 
ingto 
stearin 
content, 
44-75 
(82) 

Crude 

bone  fats 

44-75 

Horse  fat 

PferdefeUA 
Chrauee  de  ekevcl 

Consider- 
able separ- 
ation of 
stearin  or 
entirely 
solid 

40* 

53.7 

scale 

divisions 

0.919- 
0.9220 

Variable, 
aooordingto 
Amthor  and 

Zink,  be- 
tween 20  and 
30,  melting 
point  30-33 

195-199 

75-86 

(71.4) 

84-87 

Beef  tallow, 

RinistaLg, 

Suifdebamf 

Solid 

60° 

1.4510. 

40" 

44-49 

scale 
divisions 

0.943- 
0.952, 
100a 
0.860- 
0.861 

Melting 

point 

4275-46 

193-200 

35-44, 
Austra- 
lian 
tallow 
45 

41.3, 

liquid 

acids 

92 

Mutton  tallow, 
Hammeltalg, 
Suif  de  mouton 

Same 

60w 
1.4610, 

40° 

44  scale 

divisions 

0.937- 
0.940, 
100w 
0.857- 
0.860 

Melting  point 

46.6-51, 

solidification 

point 

32.9-41.0 

193-196 

35-46 

o4.o, 

liquid 

acids 

92.7 

Tallow  oil, 
Taltfl 

Liquid  to 
semi-solid 

1OO0 
0.794 

34.5-37.5 

54.6-57 

Lard, 

Schceinesckmah, 
Sam-douz 

Salve- 
like 

40° 

49.0-52 

(45) 

scale 

divisions 

0.931- 
0.938, 
100* 
0.853- 
0.860 

27.1-29.9; 
melting  point 

generally 
36-40 

195-197 

53-64, 

from  foot 

77.3, 

from 

head  85, 

American 

60.4-68.4 

64 
liquid 
acids, 

European 
93-56/ 

American 
103-105 

Lard  oil, 
Schmabfil, 
Huile  de  Lard 

Liquid  to 
semi-solid 

40* 

41  scale 

divisions 

0.915 

10 

191-196 

67-82 
(88) 

Liquid 

Catty  adds 

94-95.8 

Butter  fat, 
BuUerfeUA 
Beurre  de  vaeke 

8alve-like 

40w 
41.6-44.2 

(46) 
Marga- 
rines 
58.6-66.4 

scale 
divisions 

0.936  to 

0.946 

1(W 

0.864  to 
0.868 

19-20, 
melts  at 
29.5-34.7 

209-240 

26-38.9 

28-31 

*  Fahrion,  Zeit,  f.  angew.  Chem..  1911,  209. 

t  Amthor  and  Zink,  Frühling,  Zeit.  f.  angew.  Chem.,  1M6,  352;  Nussberger,  Zeit.  f.  anal. 
Chem.,  1B97,  269;  values  are  for  fat  from  back,  kidneys,  heart  and  neck. 

I  The  fat  from  the  breast  and  legs  contains  no  stearic  acid. 

i  Büffelbutter  from  Macedonia  is  like  cows'  butter,  Jorissen  (Chem.  Ztg.,  1M6, 162)  0.866  at  100*. 
refractive  index  45,  Reiohert-Meissl  value  29.6. 
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81 

and  Oils 


Reichert- 
Meissl 
value 

Acetyl 

value 

Hehner 
value 

Melting 

point  of 

the  fatty 

acids, 

•c. 

Solidifi- 
cation 
point  of 
the  fatty 
acids, 

•c. 

Main  components  of 
the  oil  or  fat 

Reactions  and  other 
characteristics. 

0 
(Duyk) 

11.3 

92-96 

Varies  ac- 
cording to 
method  of 
preparation 
and  stearin 
content, 
American 

oil 

29.8-30.8 

13-37* 

Varies 
according 
to  stearin 

oontent 
26.1-26.5 

Olein,     stearin,     free 
oleic     and     stearic 
acids 

Generally  recognised 
by  its  peculiar  odor. 

1.6-2.2 

(Kal- 

mann), 

0.4-0.8 

(Amthor 

and  Zink) 

1.8-2.4 
(6-14) 

96-97.8 

36-42 

30-38.6, 
33.6-33.7 
titer  test 

Olein,  stearin  and  free 
oleic     and     stearic 
acids 

Yellow  color.  Fat 
from  neck  half 
liquid  at  15°. 

0.25-0.5 

2.7-8.6 

95-96 

43-47 

Titer  test 
37.9-46.3 

Palmatin,  stearin  and 
olein,  mixed  glycos- 
ides, 50.6  per  cent 
stearic  acid  accord- 
ing to  Hehner  and 
Mitchell 

By  pressing  (also  of 
tallow)  is  obtained 
oleomargarin.  Used 
in  manufacture  of 
oleomargarine. 

95.5 

46-54 

Titer  test 
of  fatty 

acids 

43-46 

Olein,   stearin,  palm- 
atin, mixed  glyoer- 
ides,    16.4-27.7    per 
cent  stearic  acid  ac- 
cording to  Hehner 
and  Mitchell  t 

Gets  rancid  more 
easily  than  beef  tal- 
low. 

Olein 

Obtained  by  pressing 

tallow. 

0.3-0.9 

2.6 

93-98 

35-47 

34-42 

Palmatin,  stearin  62 
per  cent   (?)  olein, 
mixed  glyoarides 

ßolidifies  with  crys- 
talline  surfaee. 
Can  be  distin- 
guished from  tallow 
microscopically. 

0 

Olein 

Obtained  by  pressing 
of  lard.  Test  with 
nitric  acid  and  elai- 
din  test  similar  to 
olive  oil. 

26-3311 

1.9-8.6 

86-88 

38-45 

35.8-38 

Butvrin,  caproin,  cap- 
rylin,  laurin,  palm- 
atin,  stearin,  etc.? 
Rancid  butter  oon- 
tains   (Amthor) 
ethyl  esters  of  buty- 
ric acid  and  other 
volatile  esters 

Cheese  has  constants 
similar  to  those  of 
butter  fat. 

0  22.7-24.2,  Famsteiner  and  Karach  (in  exceptional  cases).  Butter  under  26  is  to  be  suspected. 
Addition  of  ooooanut  oil,  see  page  346,  Polenske  value.  Juckenack  and  Pasteraack,  Zeit.  f.  Unt. 
d.  Nähr,  und  Genussm.,  1904,  193. 

H  Bell  (Chemistry  of  Foods,  44),  confirmed  by  Blyth  and  Robertson,  assumes  the  presence  in 
butter  of  an  oleo-paunito-butyrin. 
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TABLE 
Fats  and  Oils  from 

(The  leal  common  values  are  placed  in  brackets) 


Specific 
gravity, 

Solidifiea- 
tionpoint, 

Saponifica- 
tion value 

Iodine  value 

Reiohert- 
Heissl 
value 

Kind  of  oil 

of  the 
oil 

of  the 
fatty  acids 

Seal  oil, 
Robbentrane, 
Huile  de  pkoque 

0.025- 
0.026 

-2  to  -3 

180-106 
(178-170) 

127-152 
(162.6)* 

Liquid 

acids 

307 

(Bull) 

0.07-0.44 

Whale  oil, 
Wal/iechtran, 
Huüe  de  beieine 

0.017- 
0.027 

Crystalline 
separation 

at +10 
(Soh&dler) 

Southern 

oU  188-103, 

Northern 

oil  188-224 

110-128, 

186 
Southern 

130-132, 

liquid 

acids 

145 

0.7-2.4 

From  the 
entire  body 

0.028 
(0.0180) 

Crystals 

separate 

from  +5 

to -3 

107.3-203.4 

00.5-128.3 

5.6 

M         j 
J        -f 

MS 

From  the 

soft  fat 

from  head 

and  jaws 

200 

32.8 

65.0 

4 

Ott 

From  the 
entire  body 

0.026- 
0.037 

-16 
(Seh&dler) 

216-218.8 
(105) 

110.4 

11-12 
(23U 

From  head 
and  jaws 

0.0258 

Freed  from  solid  particles  by  filtration  and 

253-272    1      40-50       | |      48-66 

Not  pressed  and  clarified 
144         |         77         |  |       2.08 

Porp 
Meer 

Menhaden  oil. 

0.0311            -4 

180-102 

148-160 

1.2 

Menkedentran, 
HuUe  de  Menhaden 

(Jean) 

Sardine  oil, 
Sardinenöl. 

0.0330 

0.016- 
0.034 

Ordinary  sardine  oil 

|        108 

Japanese  oil 
180-1021     100-164 

Suae  de  Sardine 

Cod  liver  oil, 
Dorecklebertren, 
HuiUde/oie  de  morue 

0.022- 
0.041 

According 
to  origan 
partially 
solid  at  0, 
or  liquid 
at -10 

171-193 

135-168 
(181) 

164.0-170 
(130) 

0.2-2.1 

*  Thomson  and  Dunlop,  Oil  and  Colourm.  Journ.,  fJ,  No.  302. 

f  Tsujunoto.  Chenu  Rev.,  It,  84  (1000). 

i  Steenbuoh,  Zeit.  f.  angew.  Cbem.,  1881, 64. 

5  In  the  speoial I y  prepared  Japanese  oil  Fahrion  could  find  no  jecorie  add,  but  he  found  the 
liquid  unsaturated  asellic  acid.  Lewkowitsch  considers  the  question  of  the  composition  of  the 
fish  oil«  still  open  (aw  Weiss,  Der  Gerber,  ISN,  137). 
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Marine  Animals 


Hehner 
value 

Melting 

point  of 

the  fatty 

acids, 

°C. 

Solidifi- 
cation 
point  of 
the  fatty 
acids, 

•c. 

Main  components  of  the  oil 

Other  properties 

92.8-05.5 

22-23 

15.5-15.9 

83-89  per  cent  liquid  and  9.8-17 
per    cent    solid    fatty    acids. 
Mostly  glyoerides.     Physeto- 
leic  and  oleic  acids  according 
to  Ljubarsky.    The  odor  is 
caused,  like  that  of  all  fish  oils, 
by  unsaturated  acids,  clupan- 
odonio  acid    (Ci|HttOs)   and 
homologuest 

Yellow  to  dark  brown  color. 
According  to  Douaard  the 
refractive  index  of  seal  oil  is 
32-32.5  scale  divisions,  of 
ood-liver  oil  43.5-45.  (De- 
termined with  Jean  Amagat 
ref  tactometer.) 

93.5 

14-27 

22.9-23.9 

Mostly  glycerides  of  liquid  fatty 
acids.    Solid  crystals,  mainly 
palmatin  and  some  sperm  oil. 
Clupanodonio  acid,  see  seal  oil 

Color  generally  brown,  0.7  to 
1.4  per  cent  of  unsaponifiable 
matter,  in  light-colored  re- 
fined oil  0.9  to  3.7  per  cent. 

93.1 

Glyoerides  of  solid  and  liquid 
acids  and  valerianic  acid  with 
some  sperm  oil.    Clupanodon- 
io acid,  see  seal  oil 

Color  pale  yellow.  On  stand- 
ing cetyl  palmitate  separates. 

66.3 

The  same,  with  more  of  the 
triglyceride  of  valerianic  acid 

Color,  straw  yellow. 

Glycerides  of  oleic,  physetoleic 
(?),  stearic,  palmitic,  valeri- 
anic   acids.       Clupanodonic 
acid,  aee  seal  oil 

Pale  yellow  to  brown  color. 
An  easily  soluble  oil  can  be 
extracted  with  alcohol. 

pressing 
68-72 

96.5 

Ab  above,  only  content  of  valeri- 
anic acid  greater 

Easily  soluble  at  +70°  in  alco- 
hol. 

Mainly  glyoerides  of  liquid  fatty 
acids,  clupanodonic  acid 

Brown  color,  oil  easily  absorbs 
oxygen.  Contains  0.6  to  1.6 
per  oent  of  unsaponifiable 
components. 

94.5 
95.5-97 

27.6-28.2 

Solid  glycerides,  according  to 
Fahnon,     mainly     palmitin, 
little   stearin,    liquid    acids. 
Jeooric  acid,}  85.7  per  cent  tri- 
jeoorin,  14  J  per  cent  tripalma- 
tin.    Clupanodonio  acid,  see 
seal  oil 

Brought  on  market  from  Japan. 
Generally  0.6  unsaponifiable 
in  the  common,  0.5-1.4  per 
oent  in  Japanese  oil. 

95.3-96.5 

Of  the 
solid 
acids 
21-25 

13.3-24.3 

87-92.7  per  cent  liquid  and  5.3  to 
12.8  per  cent  of  solid  fatty 
acids,  a  complicated  mixture. 
Small   amounts  of  palmatin 
and  stearin.    Liq  uid  acids  not 
sufficiently   investigated  ||  ac- 
cording to  Heyerdahl  20  per 
cent  of  jeooleic  and  20  per  cent 
of  therapic  acid.    Bull  (Cham. 
Ztg.,  ISN,  996)  suggests  a  frac- 
tional separation  of  the  alkali 
salts    of    the    liquid    acids. 
Clupanodonic  acid,  see  seal 
oU 

Brown.  0.02-0.03  per  cent  io- 
dine and  0.3-1.3  per  cent  of 
Cholesterin.  2.7  per  cent  of 
unsaponifiable  (generally 
not  over  1.5  per  oent).  Free 
fatty  acids  3.8-28  per  cent. 
Giving  with  nitric  acid  (sp. 
gr.  1.53)  a  red  color  at  tone 
of  contact,  a  fiery  red  on 
stirring,  a  lemon  yellow  after 
a  short  time.1T 

|]  Fahrion  (Chem.  Ztg.,  1893)  assumes  the  presence  in  the  liquid  acids  of  asellio  acid  Ci7H,jO,; 
the  iodine  value  of  the  liquid  acid  is  175.5. 

f  Merlangus  oil  and  Japanese  fish  oil  give  at  the  point  of  contact  an  intensive  blue  brown  on 
stirring:  on  2-3  hours  standing,  the  mixture  will  be  yellow.  With  seal  oil  the  oolor  at  first  is  un- 
changed, later  it  becomes  brown. 
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Specifications  for  Torpedo  Lubricating  Oil  * 

The  oil  must  be  a  mixture  of  pure  bone  and  refined  rape  oils;  it 
should  be  light  yellow  and  clear  in  color,  and  should  have  only  a 
faint  odor.  Its  specific  gravity  at  15°  should  fall  in  the  limits 
0.913  and  0.917;  its  viscosity  (Engler  degrees)  at  20°  should  be 
between  12.0  and  13.5. 

A  portion  of  the  oil  cooled  to  — 10°  for  four  hours  should  remain 
clear  and  liquid;  another  portion  cooled  four  hours  to  —15° 
should  be  still  salve-like;  an  oil  remaining  liquid  is  preferred.  The 
Pensky-Martens  flash  point  should  be  over  200°;  the  iodine  value, 
77-84;  the  saponification  value,  185-190.  The  acidity  should 
not  be  more  than  0.02  per  cent  calculated  as  sulphuric  anhydride; 
on  the  average  it  should  be  free  from  acidity.  Rosin  oil,  tar  oil 
and  mineral  oil  should  be  absent. 

Specifications  for  Fatty  Oils  (Royal  Powder  Mills,  Spandau) 

I.  Linseed  Oil 

The  oil  (prepared  cold)  should  be  yellow  to  brown,  clear  and  free 
from  non-drying  oils,  rosin  or  other  impurities;  organic  acid, 
under  2.12  per  cent  (calculated  as  oleic  acid);  specific  gravity  at 
15°  not  under  0.930;  iodine  value,  not  under  171. 

If  a  5  c.c.  portion  of  linseed  oil  is  boiled  for  3  minutes,  shaking 
continuously,  with  0.25  gram  potassium  permanganate,  a  drop, 
after  cooling,  spread  with  the  finger  in  a  thin  layer  over  a  glass 
plate,  after  six  hours  heating  to  100°  should  dry  to  a  brilliant  sur- 
face, which  should  no  longer  be  sticky  after  cooling. 

II.  Olive  Oil 

The  oil  should  be  pure  and  not  mixed  with  other  substances; 
should  be  clear  and  without  rancid  odor  and  on  standing  should 
not  deposit  a  sediment.  Mineral  acid  should  be  absent;  organic 
acid  should  not  be  present  in  quantity  greater  than  2.12  per  cent 
oleic  acid.    Specific  gravity  at  15°,  0.914r-0.920. 

III.  Neat's-foot  Oil  (Bone  Oil) 

(a)  Oil  for  Use  in  Works.  The  oil  should  be  mobile,  pure  and 
free  from  foreign  oils  and  mineral  acid  and  should  not  deposit  a 
sediment  on  standing.    Cooled  to  0°,  no  solidification  should  take 

*  Kaiserl.  Torpedowerkstatt  Friedrichsort. 


SAPONIFIABLE  FATS  375 

place  after  standing  one  hour.  Organic  acid  should  not  be 
present  in  quantity  greater  than  2.12  per  cent  oleic  acid.  Specific 
gravity  at  15°,  0.914-0.917.  A  drop  on  a  glass  plate  in  a  thin  layer 
and  kept  for  24  hours  at  50°  in  contact  with  air,  should,  on  cooling, 
show  no  resinous  material  or  tendency  to  dry,  but  should  move 
easily  under  the  finger. 

(6)  Oil  for  FirearmSo  The  purified  and  filtered  oil  should  ap- 
pear clear  in  a  test  tube  15  mm.  wide  (light  yellow).  It  should 
not  be  mixed  with  any  oil,  nor  should  it  deposit  a  sediment  on 
standing,  nor  should  it  have  a  bad  odor.  It  must  remain  liquid 
after  1  hour  at  —10°.  Organic  acid,  less  than  2.12  per  cent  oleic 
acid;  specific  gravity,  0.914-0.917  at  15°;  viscosity  (Engler),  not 
under  12  at  20°;  saponification  value,  190-200;  iodine  value, 
70-82.  A  drop  of  oil  exposed  as  above  should  conform  to  the 
same  conditions. 


CHAPTER  VI 

TECHNICAL  PRODUCTS  PREPARED  FROM  FATS 

A.  Stearine  Candles 
I.  Technical 

Beef  and  mutton  tallows  (especially  the  press-tallow  resulting 
from  margarine  manufacture),  palm  and  bone  oils,  recently  also 
vegetable  fats,  such  as  malabar  tallow,  illipe-tallow,  Chinese  tallow 
and  shea  butter,  as  well  as  hardened  oils  (page  381),  are  used  in  the 
manufacture  of  Stearine  candles.  The  raw  materials,  purified  by 
melting,  are  decomposed  in  the  candle  manufactories  into  solid 
fatty  acids  or  "stearine  "  (which  consist  almost  entirely  of  palmitic 
and  stearic  acids,  the  candle  material),  liquid  acids  ("olein  ")  and 
glycerine. 

The  splitting  is  brought  about: 

(a)  By  heating  with  water  in  the  presence  of  1-3  per  cent  of 
quicklime,  or  small  amounts  of  magnesia,  or  of  zinc  oxide  (auto- 
clave process). 

(b)  By  treatment  with  4-12  per  cent  cone,  sulphuric  acid  at  120°. 
Not  only  does  saponification  of  the  fat  take  place,  but  also  some 
new  solid  acids  are  formed  from  the  oleic  acid;  the  sulphuric  acid 
forms  an  ester  of  an  oxy-stearic  acid  by  addition  to  oleic  acid, 
which  is  changed  by  boiling  with  water  into  oxy-stearic  acid  and 
sulphuric  acid. 

C17H„  •  COOH  +  H2S04  ->  Ci7H34(COOH)(0 .  S02 .  OH). 
C,7H34(COOH)  (O  •  S02 .  OH) + H20  ->  C17Hs4(OH)  (COOH) + H2S04. 

In  the  steam  distillation  which  follows,  the  oxy-stearic  acid  parses 
into  iso-oleic  acid,  water  being  split  off.  This  acid  has  the  melt- 
ing point  44-45°.  The  yield  of  solid  acids  obtained  from  palm 
oil  is  on  the  average  18  per  cent;  with  tallow  14-15;  with  bone 
oil,  15  per  cent.  Complete  transformation  of  liquid  fatty  acids 
and  fats  into  solid  products  is  now  commercially  accomplished 

under  the  action  of  catalyzers.    The  processes  (a)  and  (b)  are 
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often  united,  in  that  after  the  autoclave  splitting,  the  material  is 
further  treated  with  sulphuric  acid  to  increase  the  content  of  solid 
acids. 

(c)  By  heating  with  water  at  pressures  of  15-18  atmospheres; 
this  method  is  not  much  used  now. 

(d)  By  action  of  the  Twitchell  reagent.  This  is  obtained  by 
the  action  of  excess  sulphuric  acid  on  a  solution  of  oleic  acid  in 
aromatic  hydrocarbons.  Because  of  the  good  emulsions  which 
the  sulphuric  ester  of  oxy-stearic  acid  and  the  aromatic  sulphonic 
acids  form  with  the  fat  in  the  presence  of  water,  the  fat  is  very 
rapidly  hydrolysed.*  The  formulas  given  by  Twitchell  to  the 
products  formed  have  not  been  established. 


CeH4 


'3k*  n  it 


SOsH 

Ci8H»02 


S08H 
CigHajC^ 

Beniol  stearo-sulphonio  add  Naphthalene  stearoaulphonic  acid 

(e)  Fermentative  Decomposition.  An  enzyme  present  in  the 
castor  bean  can  hydrolyze  emulsified  fats  into  fatty  acids  t  and 
glycerine.  Three  layers  are  obtained,  an  under  aqueous  layer  of 
glycerine,  a  middle  layer  of  bits  of  seed  and  emulsified  oil  and  glycer- 
ine and  an  upper  clear  layer  of  fatty  acid ;  by  using  6-7  parts  of  fer- 
ment to  100  parts  of  fat,  after  1-2  days  at  40-50°,  90  per  cent  will 
have  been  split.  Very  light-colored  fatty  acids  and  glycerine  are 
obtained.  Because  the  separation  of  the  middle  layer  and  the 
removal  of  the  fat  from  it  requires  much  time  and  the  glycerine 
contains  interfering  impurities,  the  method  is  less  used  on  a  large 
scale  than  in  smaller  establishments. 

(J)  In  the  Krebitz  process,  the  fats  are  saponified  with  lime; 
the  calcium  soaps  are  leached  free  from  glycerine  in  high  towers 
and  then  changed  into  sodium  soaps  and  calcium  carbonate  by 
sodium  carbonate  solution. 

The  stearic  acid  prepared  by  method  (a)  is  so  pure,  if  pure  fats 
are  used,  that  by  pressing  first  at  low  temperatures,  and  then  at 
higher,  to  remove  the  liquid  acids,  a  pure  white  candle  material  is 
obtained  at  once  ("  saponification  Stearine  ") .  This  consists  mainly 
of  stearic  and  palmitic  acids  besides  small  amounts  of  oleic  acid 
which  were  not  pressed  off  (iodine  value  only  a  few  units).  The 
liquid  acid  running  from  the  presses  is  known  as  "  saponification 
olein." 

*  F.  Goldschmidt,  Zeitschr.  f.  angew.  Chem.,  25,  812  (1912). 
t  Connstein,  Hoyer  and  Wartenburg,  Ber.,  86,  988  (1902). 
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The  products  of  processes  (b)  and  (d)  are  known  as  "distillation 
Stearine'1  and  "distillation  olein"  since  the  crude  materials  first 
obtained  are  generally  too  dark  and  must  be  distilled  with  super- 
heated steam  before  pressing.  Because  of  its  content  of  iso-oleic 
acid,  "distillation  Stearine  "  has  a  lower  melting  point  than  "sapon- 
ification Stearine  "  but  a  higher  iodine  value,  generally  15-30  (pure 
iso-oleic  acid  has  an  iodine  value  of  90).  See  page  380.  Accord- 
ing to  Lewkowitsch  *  "distillation  stearine  "  has  the  solidification 
point  54°,  iodine  value  15-30;  while  "saponification  stearine  "  has 
the  solidification  value  55.6-56.7°  and  an  iodine  value  of  only  a 
few  units. 

II.  Examination  op  the  Fat 

The  moisture  and  non-fatty  materials  should  be  determined 
(pages  22  and  325),  as  well  as  solidification  point  of  the  fatty 
acids  and  less  frequently,  free  acid,  Hehner  value  and  amount  of 
glycerine  contained. 

(a)  The  Solidification  Point  is  determined  according  to  page 
317,  the  yield  of  candle  material  depending  on  it.  The  fatty  acids 
of  the  most  important  fats  have  the  following  "titer-tests": 


Fatty  acids  from 


Beef  tallow 

Mutton  tallow 

Bone  fat 

Palm  fat 

Chinese  tallow 


Titer  tart, 

•c. 


38-46 
41-48 
36-42 
35-45 
45-53 


(b)  The  Content  of  Free  and  Combined  Acid  is  to  be  deter- 
mined by  method  of  page  144 ;  from  this  the  yield  of  fatty  acids 
and  glycerine,  as  well  as  the  amount  of  lime  and  magnesia,  or  sul- 
phuric acid,  or  of  TwitchelPs  reagent,  is  determined.  Palm  oil 
often  contains  nearly  100  per  cent  of  fatty  acid. 

(c)  The  Oleic  Acid  Content  is  to  be  calculated  from  the  iodine 
value  (pure  oleic  acid,  iodine  value  90.1);  the  lower  the  iodine 
value,  the  more  suitable  the  material  for  candle  manufacture. 

(d)  Glycerine.  For  the  determination  of  glycerine  a  large  num- 
ber of  methods  have  been  developed. 

*  Analysis,  II,  627,  644. 
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Approximate  Method.  Since  in  the  saponification  by  potash  3  molecular 
weights  of  potassium  hydroxide  set  free  1  molecular  weight  of  glycerine, 
168.33  grams  of  KOH  are  equivalent  to  92.08  grams  of  glycerine,  or  1  gram  of 
KOH  is  equivalent  to  0.054702  gram  of  glycerine.  If  the  ester  value  of  a  fat 
is  due  to  triglycerides  and  waxes  are  absent,  the  amount  of  glycerine  can  be 
calculated  from  the  ester  value.  If  the  ester  value  (the  milligrams  of  KOH 
necessary  to  saponify  1  gram  of  neutral  fat)  be  "  a,"  then  the  weight  of  gly- 
cerine from  100  grams  fat  will  be  (a)  (0.054702). 

For  more  exact  methods  see  page  394. 

(e)  Adulterations  are  detected  in  the  raw  materials  by  use  of 
the  Tables  77  to  82.  Adulterations  of  tallow  and  bone  fat  are  co- 
coanut  oil,  palm  nut  oil,  cotton-seed  stearin,  distilled  wool-fat 
Stearine,  rosin,  paraffin,  ceresine  and  carnauba  wax. 


Saponification 
value 

Iodine  value 

Reiohert-Meusl 

Tallow 

192-200 
191-203 
24&-2Ö8 
242-255 

35-46 
46-56 
8-10 
10-17.5 

Bone  fat 

Cocoanut  oil 

7-8.4 

Palm  nut  oil 

5-6.8 

Cottonseed  stearin  is  detected  by  the  Halphen  and  the  nitric 
acid  tests  (page  336),  distilled  wool-fat  Stearine  by  the  Liebermann 
and'Hager-Salkowski  test,  rosin  by  the  Morawski  test,  vegetable 
fats  by  the  phytosterin  acetate  test  (page  341).  Palm  oil  is  rarely 
adulterated;  added  palm  nut  oil  would  lower  the  iodine  value 
but  raise  the  saponification  and  Reichert-Meissl  values.  In  the 
presence  of  carnauba  wax,  higher  alcohols  can  be  extracted  from 
the  unsaponifiable  matter  with  acetic  anhydride. 


III.  Examination  of  the  Candle  Material 

The  finished  candle  material  is  examined  for  melting  point  (in 
capillary  tube),  solidification  point  (see  page  317),  content  of  neu- 
tral fat,  and  if  of  uncertain  source  of  supply,  for  carnauba  wax, 
paraffin,  ceresine,  etc.  Neutral  fat  may  be  present,  because  of 
incomplete  saponification,  or  because  it  was  added  deliberately; 
it  is  determined  most  accurately  by  neutralization  of  the  ether- 
alcohol  solution  of  the  fat  with  2V/10  alcoholic  sodium  hydroxide, 
adding  water  till  the  lower  layer  is  50  per  cent  alcoholic  and  then 
extracting  with  low  boiling  naphtha  by  the  method  of  Spitz  and 
Honig.    Carnauba  wax  raises  the  melting  point  of  the  stearic 
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acid;  the  presence  of  this  or  other  waxes  is  easily  determined  by 
separation  and  characterization  of  the  higher  alcohols.  Paraffin 
and  ceresine  are  easily  detected  by  the  qualitative  saponification 
test.  Regarding  the  ratio  of  stearic  to  palmitic  acids,  which  is  of 
importance  for  the  structure  of  the  candle,  the  melting  point  (page 
317)  and  molecular  weight  determination  (stearic  acid  284  and 
palmitic  acid  256)  will  give  information. 

IV.  Testing  of  the  Commercial  Oleic  Acids 

The  "oleins"  obtained  from  fats  are  yellow  to  dark  brown, 
clear  or  turbid  oils  consisting  mainly  of  oleic  acid,  in  some  part  of 
strongly  unsaturated  acids,  varying  amounts  of  solid  fatty  acids, 
neutral  fat  and  lactones.  The  following*  are  commercial  dis- 
tinctions: saponification  "olein"  is  obtained  from  light-colored 
tallow  acids  and  bleached  palm  oil,  split  either  in  the  autoclave, 
fermentation  or  Twitchell  process;  this  "olein  "  is  free  from  hydro- 
carbons but  contains  considerable  amounts  of  neutral  fat.  "Dis- 
tillation olein  "  obtained  by  the  sulphuric  acid  or  mixed  process, 
or  from  dark  acids  by  the  autoclave  method  and  then  distilled,  is 
free  from  neutral  fat  but  contains  iso-oleic  acid,  oxy-acids,  lactones 
and  unsaponifiable  matter.  The  so-called  "white  olein"  is  a  re- 
distilled product  of  dark  yellow  or  yellow  white  color,  free  from  neu- 
tral fat  and  hydrocarbons.  Oleins  pressed  from  tallow,  bone  fat  and 
palm  fat  have  an  iodine  value  of  about  90,  while  cottonseed  olein 
has  an  iodine  value  of  110-112.  The  oleins  are  used  as  soap  stock 
and  to  oil  wool  for  spinning,  as  well  as  for  the  preparation  of  water- 
soluble  oils. 

Their  examination  includes  the  determination  of  the  amount  of 
neutral  fat  contained  and  of  hydrocarbons  and,  in  some  cases,  the 
amount  of  fatty  acids. 

Hydrocarbons.  The  qualitative  test  (page  326)  often  fails  when  the  amount 
of  unsaponifiable  matter  is  very  small,  since  the  natural  unsaponifiable  sub- 
stances are  very  unsaturated  and  decidedly  soluble  in  alcoholic  soap  solution. 
Up  to  10  per  cent  of  unsaponifiable  matter  may  be  present  in  "  oleins."  Small 
amounts  of  such  hydrocarbons  are  determined  with  certainty  by  the  saponi- 
fication of  about  20, grams  of  "olein"  and  extraction  of  the  soap  with  petro- 
leum ether  (page  161);  in  this  way  products  which  resemble  mineral  oil  are 
obtained;  they  are  often  partially  solid  because  of  the  separation  of  paraffin. 
These  products  are  distinguished  from  added  mineral  oil  by  their  strong  iodine 
absorption   (iodine  value  62-69),  optical  rotatory  power  (av  —  +  4.8°  to 

*  Rosauer,  Chem.  Rev.,  18,  28  (1011). 
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+  9.6°)  and  color  reaction  on  treating  with  acetic  anhydride  and  sulphuric 
acid.* 

Marcusson  has  also  elaborated  the  qualitative  method  of  Holde  for  de- 
tecting mineral  oil,  into  one  for  distinguishing  the  natural  hydrocarbons  of 
the  "oleins"  from  added  mineral  oil.  6-8  drops  of  oil  are  boiled  for  two 
minutes  with  5  c.c.  N/2  alcoholic  potash  in  a  test  tube,  15  c.c.  water  added;  if 
a  pure  "  olein"  is  being  tested  heavy  type  can  be  seen  through  the  faint  tur- 
bidity; with  oil  adulterated  with  mineral  oil  or  rosin  oil,  such  type  is  no  longer 
legible. 

Neutral  Fat  can  be  calculated  from  the  ester  value  of  the  "  olein."  It  must, 
however,  be  remembered  that  oleins  often  contain  considerable  amounts  of 
lactones  (inner  anhydrides  of  fatty  acids),  by  neglecting  which,  the  content  of 
fatty  acid  will  be  found  too  low,  the  amount  of  neutral  fat  too  high.  Stiepei  t 
first  determines  the  saponification  value  {A)  and  the  apparent  acid  value  (£); 
the  difference  (A  —  B  =  C)  gives  the  apparent  ester  value  (neutral  fat  + 
lactones).  After  complete  saponification  of  20-30  grams  of  the  "  olein, "  the 
fatty  acids  are  separated  in  the  customary  way  and  the  saponification  value 
(Ai)  and  the  acid  value  (/?i)  determined.  The  amount  of  lactone  in  the 
11  «lein"  is  then  Ai  —  £i  =  G,  the  content  of  neutral  fat  is  obtained  from  the 
true  ester  value  C  —  d  and  the  true  acid  value  is  B  —  B\. 

Solid  Fatty  acids  are  determined  by  the  method  of  Varrentrapp  (page  303). 
Highly  unsaturated  liquid  acids  which  make  an  "  olein  "  unsuitable  as  a  material 
for  oiling  wool  are  detected  by  their  high  iodine  value  (also  see  page  307) ;  the 
iodine  value  of  normal  "distillation  olein"  and  " saponification  olein"  does 
not  rise  over  85.    "  Oleins  from  wool  fat"  see  page  445. 

B.  Hardened  Oils 

The  hardening  of  oils  used  in  the  soap,  Stearine  candle  and  edible 
fat  manufacture  has  received  much  attention  recently  and  the 
patent  literature  is  full  of  references  to  this  problem.!  The  hydro- 
genation  of  the  unsaturated  fatty  acids  and  their  glycerides  is 
brought  about  by  hydrogen  in  the  presence  of  contact  substances, 
oleic  acid  absorbing  two  atomic  weights  of  hydrogen  per  molecule 
of  acid,  while  olein  takes  on  three  times  this  quantity. 

Industrially  the  transformation  into  stearic  acid  or  its  glyceride 
is  effected  by  hydrogen  in  the  presence  of  finely-divided  nickel; 
this  is  obtained  by  reduction  of  the  oxide  by  the  method  of 
W.  Norman  who  reduced  liquid  fats  and  acids  in  1902  under  the 
catalytic  influence  of  finely-divided  metals.§    Erdmann  and  Bed- 

*  Marcusson,  Chem.  Rev.,  12,  2  (1905). 

f  Seifensiederztg.,  1912,  365. 

t  See  Holde,  Seifensiederzeitung,  39,  918  (1912);  Bomer,  Ztschr.  f.  Unt.  d. 
Nahr.  u.  Genussm.,  24,  No.  1  and  2;  C.  Ellis,  Seifensiederzeitung,  40, 144, 166, 
195,  231  (1913). 

§  D.  R.  P.  141  029  of  Leprince  and  Siveke,  Herford. 
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TABLE 
Specifications  for  Tallow 


Material 

State 

External  appearance 

Specific 

•gravity 

at  15* 

1907  ' 

• 

Yellow  white,  fresh, 
no  rancid  odor 

Bavaria, 
1900 

Quite  solid,  yellow 
white,  almost  odorless 

0.930-0.940 

Saxony, 
1902 

Beef 
tallow 

Württemberg, 
1904 

Solid,  clear,  as  white 
as  possible,  almost  taste- 
less and  odorless 

0.943-0.953 

Baden, 
1910 

. 

Imperial  Territory, 
1912 

White,  fresh  odor,  not 
rancid,  not  granular 

Prussia, 
1903 

Pure  white,  smooth  and 

shiny,  not  orumbly  or 

greasy 

Saxony, 
1902 

Pure  white,  smooth, 
shiny,  not  scaly 

Candles 

Württemberg, 
1904 

White,  shiny,  hard 

1.000 
at  11*  (?) 

Baden, 
1910 

White,  shiny,  hard  at 
ordinary  temperatures 
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84 

and  Candles  in  Forcb,  1913 


Malting 
point, 

•c. 

8oUdifica- 
tionpoint. 

Acid  value, 
per  cent  SOs 

Other  properties 

33-40 

At  most  1 

Free  from  mineral  acid,  foreign  admixtures,  skin  and 
flesh  particles,  soluble  dear  in  ether  without  residue. 

Over  45 

Over  88 

At  most  0.86 

From  the  purest  beef  fat,  no  added  components,  me- 
chanical impurities  not  more  than  0.5  per  cent. 

Free  from 
add 

(Russian)  pure,  free  from  foreign  material,  dear  when 
mdted. 

Over  42 

Over  87 

0.43 
at  most 

• 

Pure  beef  fat,  free  from  other  fats  and  other  com- 
ponents, not  more  than  1  per  cent  impurities,  no 
scum  or  foam  on  heating,  or  odor  or  sediment.  In 
boiling  alcohol  (ap.  gr.  0.822)  or  ether,  completely 
soluble. 

Over  37, 
fatty  acids 
over  43.5 

0.2 
at  most 

Pure  beef  fat,  free  from  other  fats,  foreign  bodies  and 
mineral  tallow.  Not  more  than  1  per  cent  impuri- 
ties. Completdy  soluble  in  boiling  alcohol  or 
ether. 

40 

Not  more  than 
2  percent 

calculated  as 
oleic  acid 

Beef  tallow,  free  from  mineral  add,  alkalies  and  skin, 

unadulterated,  soluble  in  ether. 

Over  62 

Free  from 
oleic  acid 

Stearin  candles  of  definite  dimensions,  giving  a  dear 

sound  on  hitting  together.  Free  from  neutral  fat 
(tallow,  ooooanut  oil,  etc),  and  paraffin,  burning 
brightly,  without  soot,  without  dripping.  Wick 
uniform  and  firm. 

Pure  stearin  free  from  tallow,  paraffin,  etc.,  giving  a 
dear,  hard  sound  on  hitting  together,  not  breaking 
easily.  Wick  uniformly  firm,  burning  brightly 
without  soot,  the  wick  crooking  slightly;  no  ash  or 
carbon  on  the  glowing  tip.  The  candle  should  not 
drip,  nor  should  it  smoulder  after  extinguishing. 
Length  without  tip  120  mm.,  diameter  26  mm. 

* 

Over  53 

From  stearic  add,  free  from  admixture,  paraffin  and 

tallow  not  more  than  1  per  cent;  wick  in  middle, 
uniformly  strong,   not   needing  deaning.    Paper 

rubbed  over  the  surface  of  the  candle  should  not 
become  greasy. 
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ford  later  used  nickel  oxide  for  the  reduction,  though  the  charge 
is  brought  against  this  process  that  the  oxide  is  reduced  to  metal 
and  that  this  catalyzes  the  change  as  in  the  Norman  process. 
Similar  reductions  are  brought  about  by  using  nickel  carbonyl 
(Shukoff)  and  nickel  formate  (Wimmer  and  Higgins)  as  catalyzers. 
Ellis  considers  nickel  oxide  less  suitable  because  it  has  the  ten- 
dency to  form  poisonous  nickel  soaps  which  remain  in  the  fat; 
while  the  nickel  itself,  because  of  the  excess  of  hydrogen  present, 
is  said  not  to  form  such  compounds. 

Besides  nickel  and  its  compounds,  which  are  used  in  considerable 
quantities  (1-5  per  cent)  for  the  reduction,  for  laboratory  experi- 
ments colloidal  platinum  (Fokin,  Willstätter)  and  palladium  (Paal) 
may  be  used.  Palladium  is  indeed  used  industrially  to  some  extent 
in  amounts  as  small*  as  wfanr  to™^^  of  the  amount  of  fat;  pallad- 
ium chloride  (with  rubber  or  gelatine  as  a  protecting  colloid)  is  used. 

The  reduction  with  nickel  (obtained  by  passing  hydrogen  over 
the  oxide  at  from  300°  to  400°)  is  allowed  to  take  place  at  100°; 
the  hydrogen  must  be  carefully  freed  from  sulphur  compounds, 
oxygen,  etc.;  the  fats  must  also  be  purified  by  removing  sulphur 
derivatives  and  other  bodies  interfering  with  the  reduction.  The 
reduction  with  platinum  or  palladium  may  take  place  at  lower 
temperatures. 

The  softer  hardened  fats  are  very  much  like  lard  in  color,  con- 
sistency and  in  part  also  in  odor;  the  harder  varieties  resemble 
beef  and  mutton  tallows.  In  analytical  behavior  the  hardened  fats 
do  not  differ  markedly  from  each  other  since  the  endeavor  is  to 
convert  them  all  into  practically  the  same  end  product,  namely, 
stearic  acid;  they  all  show  an  increase  in  melting  point  and  solidi- 
fication point  over  the  original  material,  while  the  refractive  index 
and  iodine  value  become  less,  the  saponification  value  remaining 
about  the  same. 

Cholesterin  and  phytosterin  are  not  attacked  by  the  hydrogena- 
tion,  for  the  Sterins  separated  from  the  hardened  vegetable  oils 
show  the  typical  crystal  forms  and  melting  points  of  phytosterin 
and  the  acetate;  it  is  therefore  possible  to  detect  hardened  vege- 
table oils  in  an  animal  oil  by  means  of  the  phytosterin  acetate 
test.  Hardened  cottonseed  oil  does  not  give  the  Halphen  test 
according  to  Bömer,  while  hardened  sesame  oil  still  gives  a  sharp 
Baudouin  reaction. 

*  Paal  and  Skita,  D.  R.  P.  230,  724. 
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It  is  a  question  of  great  importance,  in  the  use  of  hardened  oils 
as  edible  fats,  whether  the  nickel  remains  in  the  fats.  Prall  has 
determined  that  nickel  is  found  in  fats  only  in  traces,  and  then 
only  when  the  oils  used  contained  considerable  amounts  of  free 
acid.  Sesame  oil  with  2.58  per  cent  acid  gave  a  hardened  oil  with 
0.006  per  cent  nickel  oxide  (Ni208),  a  whale  oil  with  0.61  per  cent 
free  acid,  0.0045  per  cent  nickel  oxide  in  the  hardened  oil;  with 
only  0.2  per  cent  free  acid  in  the  original  oil,  no  nickel  could  be  de- 
tected in  the  hardened  product. 

To  detect  nickel  5-10  grams  of  fat  are  warmed  J  hour  on  a  water  bath  with 
an  equal  volume  of  concentrated  hydrochloric  acid,  shaking  frequently;  after 
filtering  through  a  moistened  filter,  the  filtrate  is  evaporated  in  a  porcelain 
dish.  The  residue  *  gives,  when  nickel  is  present,  on  touching  with  a  drop  of  1 
per  cent  alcoholic  dimethylglyoxime  solution,  a  red  coloration,  which  becomes 
even  more  noticeable  on  adding  some  ammonium  hydroxide.  If  the  acid 
extract  is  itself  colored  it  must  first  be  boiled  with  animal  charcoal  and  then 
filtered. 

Hardened  oils  are  supplied  by  the  German  firm  "Oelwerken 
Germania  "  of  Emmerich  in  the  form  of  "  Talgoel "  and  "  Candelit " 
in  different  degrees  of  hydrogenation  and  hardness  for  the  soap 
and  candle  industries;  in  the  United  States,  plants  are  in  operation 
at  Cincinnati  and  elsewhere.  Since  the  fats  are  graded  by  means 
of  iodine  value  and  melting  point,  the  determination  of  these  con- 
stants  is  of  great  importance  in  their  analysis. 

C.  Soaps 
I.  General 

Soaps,  that  is,  alkali  salts  of  the  higher  fatty  acids,  are  obtained 
by  boiling,  or  by  a  cold  saponification  of  fats  or  of  fatty  acids  with 
strong  potash  or  soda  lyes.  For  some  time  the  making  of  soaps 
from  the  fatty  acids  has  been  preferred  by  many  manufacturers, 
because  the  preceding  hydrolysis  of  fats  in  autoclaves  or  by  en- 
zymes (page  377)  is  made  more  profitable  by  the  simultaneous 
preparation  of  a  relatively  pure  glycerine.  In  the  plant  of  the 
"Vereinigten  Chemischen  Werken"  of  Charlottenburg  the  hy- 
drolysis by  means  of  enzymes  has  been  so  developed  that  a  fat- 
splitting  emulsion  has  been  obtained  by  treating  the  peeled  castor 
beans  with  water  and  then  centrifugalizing;  this  emulsion  is  then 
used  for  the  hydrolysis. 

Soft  soaps  are  potassium  soaps;  they  contain  all  the  glycerine 

*  Fortini,  Chem.  Ztg.,  36,  1461  (1912). 
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which  has  been  formed,  if  the  soaps  are  made  from  the  fats  them- 
selves, and  also  excess  lye  or  fat,  salts  and  all  impurities  in  the 
original  material.  The  much  desired  granular  appearance  of  the 
soft  soaps  is  due  to  the  crystallization  of  potassium  stearate  and 
palmitate.  Recently,  solid  potassium  soaps  have  been  prepared 
by  using  high-melting  fats  and  waxes  (Japan  wax,  spermaceti, 
Chinese  wax  and  beeswax). 

Hard  soaps  are  made  either  by  the  cold  process  of  stirring  the 
fat  (cocoanut  oil  and  palm  nut  oil)  with  strong  soda  lye,  or  by 
boiling  the  fat  with  soda  lye,  or  the  fatty  acids  with  soda;  in  the 
Krebitz  process  of  making  soap,  the  fats  are  changed  into  calcium 
soaps  with  lime  and  these,  after  filtration  and  leaching  with  water 
to  extract  glycerine,  are  decomposed  with  sodium  carbonate.  This 
latter  process  is  said  to  yield  a  better  glycerine.  The  hard  soaps 
are  generally  salted  out  by  the  addition  of  sodium  chloride  and 
thus  separated  from  the  glycerine  solution  underneath;  cold  proc- 
ess soaps,  as  well  as  filled  soaps,  which  are  generally  obtained 
from  cocoanut  oil,  are  not  salted  out  and  consequently  they  con- 
tain more  water  than  the  curd  soaps  (as  the  salted-out  product  is 
known)  in  which  the  water  may  range  from  1O-30  per  cent.  The 
cold  process  soaps  also  contain  glycerine,  excess  alkali  and  impuri- 
ties, and  often  filling  material. 

The  processes  of  soap  manufacture,  especially  the  action  of  the 
free  alkali  and  added  sodium  chloride  on  the  separation  or  "grain- 
ing "  of  the  soap,  are  considered  from  the  standpoint  of  colloidal 
chemistry  in  a  book  on  soap  by  Merklen,  translated,  into  German 
from  the  French,  by  F.  Goldschmidt.  Goldschmidt  and  Weiss- 
mann *  have  recently  published  an  interesting  experimental  and 
theoretical  study  of  the  influence  of  electrolytes  on  the  viscosity 
and  conductivity  of  aqueous  solutions  of  ammonia  soaps. 

The  cleansing  action  of  soap  depends  in  part  on  the  emulsifying 
or  solvent  action  of  the  soap  solutions  on  fats  and  mineral  oils  and 
in  part  on  the  partial  hydrolysis  of  the  soap,  the  free  alkali  thus 
formed  favoring  the  cleansing  action.  According  to  Spring  f  the 
adsorbing  action  of  soaps  towards  amorphous  carbon,  ferric  hydrox- 
ide, etc.,  favors  the  formation  of  loose  combinations  which  do  not 
have  the  power  to  cling  to  glass,  porcelain,  skin,  etc.,  and  which 
thus  play  a  very  important  part  in  the  cleansing  action. 

*  Zeitschr.  f.  Chera.  d.  Kolloide,  12,  18  (1912). 
t  Zeitschr.  f.  Chem.  d.  Kolloide,  6,  11  (1910). 
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IL  Testing 

A  good  average  sample  must  be  taken  from  the  inside  of  the  soap, 
since  the  outside  dries  up  on  exposure  to  the  air;  the  weighings  of 
soap  should  be  made  rapidly  to  avoid  the  effect  of  atmospheric 
moisture. 

(a)  Water.  5  grams  of  soap  are  mixed  with  15  grams  of  ignited  sand  (to 
prevent  melting  together)  and  heated  1  hour  at  70°  and  then  to  constant 
weight  at  100-105°.  The  loss  in  weight  gives  the  moisture  (conventional 
method)  in  case  no  other  volatile  materials,  such  as  turpentine  or  naphtha, 
were  present  in  the  soaps;  in  the  latter  case  see  page  22  for  the  method  of 
Marcusson,  or  determine  the  water  by  difference. 

(&)  Total  Fat  This  is  the  sum  of  all  fat-like  components,  fatty  acids, 
neutral  fat,  rosin  acids  and  unsaponifiable  matter.  The  fatty  acids  separated 
from  20  grams  of  soap  with  mineral  acid  by  the  Hehner  method  (page  347) 
are  weighed  after  washing  free  from  mineral  acid  (conventional  method). 
Water-soluble  acids  need  be  considered  only  in  the  case  of  cocoanut  oil  or  palm 
oil  soaps;  in  this  case  after  adding  sulphuric  acid,  sodium  chloride  is  added  to 
salt  out  the  soluble  acids  which  are  collected  with  the  insoluble.  For  a  more 
accurate  method  depending  on  the  weighing  of  the  potassium  salts  of  the  fatty 
acids  see  page  348  for  the  procedure  of  Hefelmann.  In  the  drying  of  the 
alkali  salts  of  linseed  oil  acids  in  air,  errors  may  arise;  it  is  better  in  this  case 
to  dry  in  a  stream  of  carbon  dioxide. 

(c)  Free  Fatty  Acid.  If  a  soap,  in  cold  alcohol  solution,  gives  no  red  color 
with  Phenolphthalein,  probably  free  fatty  acid  or  unsaponified  fat  is  present. 
10  grams  of  soap  are  dissolved  in  neutralized  60  per  cent  alcohol  and  titrated 
with  N/10  potassium  hydroxide;  the  result  is  expressed  as  per  cent  SO»  or  of 
oleic  acid  (page  143). 

(d)  Unsaponified  Neutral  Fat  The  total  fat  collected  in  (b)  is  titrated  in 
alcohol  solution  with  N/2  potassium  hydroxide  (Phenolphthalein)  and  then 
extracted  by  the  method  of  Spitz  and  Honig  (page  161) .  By  evaporation  of  the 
naphtha  solution,  neutral  fat  and  unsaponifiable  material  remain.  The 
weighed  residue  is  saponified  with  excess  N/2  alcoholic  potash  and  extracted  by 
the  method  of  Spitz  and  Honig;  the  unsaponifiable  thus  obtained  subtracted 
from  the  sum  of  neutral  fat  and  unsaponifiable  gives  the  amount  of  unsaponified 
neutral  fat  (conventional  method). 

(e)  Total  Alkali.  This  is  the  sum  of  free  alkali,  plus  that 
united  to  carbonic  acid  (silicic  and  boric)  and  to  fatty  acids. 

5-10  grams  of  soap  are  dissolved  in  water  and  titrated  with  N/2  sulphuric 
acid  (methyl  orange).  From  the  amount  of  acid  used,  the  total  alkali  is  cal- 
culated as  sodium  oxide  in  hard  soaps,  as  potassium  oxide  in  soft  soaps.  Ab- 
sence of  sodium  chloride  and  sodium  sulphate  is  assumed.  If  the  latter  are 
present,  an  ash  determination  is  the  simplest  way  to  get  the  result. 

(J)  Free  Alkali.  An  excess  of  alkali  is  to  be  avoided  not  only 
in  the  case  of  toilet  and  household  soaps  but  also  in  the  case  of 
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soaps  used  to  wash  wool  and  silk,  since  the  free  alkali  destroys  the 
surface  and  particularly  the  luster  of  the  fabrics.  0.03  per  cent  of 
NasO  is  allowed  in  silk-dyeing  establishments;  in  the  washing  and 
fulling  of  wool  for  stronger  woolen  cloth,  1-1.5  per  cent  of  alkali 
may  be  allowed. 

1.  Simple  Method  for  Determining  Alkali.  Five  grams  of 
soap  are  dissolved  in  100  c.c.  of  neutralized  (Phenolphthalein)  abso- 
lute alcohol  by  warming,  then  filtered  if  insoluble  material  is 
present.  If  a  red  color  appears  in  the  cooled  filtrate,  N/2  hydro- 
chloric acid  is  added  to  the  point  of  decolorization  (conventional 
method).  The  appearance  of  a  red  color  while  hot  does  not  neces- 
sarily point  to  free  alkali,  since  as  shown  on  page  302  even  neutral 
soaps  hydrolyze. 

2.  Exact  Determination  of  Free  Alkali.  In  the  presence  of 
minute  quantities  of  free  alkali,  the  determination  of  which  is  of 
great  importance  in  the  dyeing  of  silk,  the  above  method  is  in- 
accurate *  because  of  the  insufficient  delicacy  of  Phenolphthalein 
as  an  indicator  in  an  alcoholic  soap  solution.  The  following  pro- 
cedure is  suggested: 

According  to  the  degree  of  alkalinity,  5-10  grams  of  soap  in  about  250  c.c. 
of  freshly  boiled  distilled  water  are  treated  with  10-15  c.c.  of  30  per  cent  barium 
chloride  solution;  the  separating  barium  soap  and  barium  carbonate  from 
alkali  carbonate  are  filtered  and  well  washed.  The  nitrate  which  contains 
barium  hydroxide,  in  amount  equivalent  to  the  free  alkali  originally  present,  is 
titrated  with  N/ 10  hydrochloric  acid  (Phenolphthalein).  An  excess  of  barium 
chloride  is  of  no  importance. 

ig)  Alkali  Carbonate.  As  a  rule  it  is  sufficient  to  dissolve  the  filtration 
residue  from  (/),  1,  in  water,  to  titrate  with  N/2  hydrochloric  acid  (methyl 
orange)  and  to  calculate  the  carbonate  contained  from  the  amount  of  acid  used; 
if  other  substances  with  alkaline  reaction  are  present  (borates,  silicates),  the 
carbonate  is  determined  by  weighing  t  the  amount  of  carbon  dioxide.  (See 
Fig.  109.)  Silicates  are  determined  by  weighing  silica;  borates,  after  pre- 
vious titration  of  total  alkali,  by  difference. 

(h)  Alkali  United  to  Fat  An  aliquot  part  of  the  fatty  acids  separated  by 
(6)  is  neutralized  with  N/10  sodium  hydroxide;  from  the  amount  of  sodium 
hydroxide  used,  the  total  alkali  united  to  fatty  acid  may  be  determined.  This 
titration  can  also  be  used  to  determine  the  molecular  weight  of  the  fatty  acids 
(page  343). 

(t)  Nature  of  the  Fat.  The  total  fat  obtained  by  (b)  is  examined  by  the 
methods  of  page  325  and  following.  Any  neutral  fat  and  unsaponinable 
matter  present  can  be  directly  extracted  from  the  soap  solution  with  ether. 

*  Heermann,  Chem.  Ztg.,  28,  53  (1904). 
t  Fmkener,  Mitteilungen,  7,  156  (1889). 
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To  determine  the  animal  or  vegetable  origin  of  the  fats,  in  case  the  constants 
of  the  fat  lead  to  no  definite  conclusion,  it  is  necessary  to  isolate  the  Choles- 
terin or  phytosterin  from  50-100  grams  of  soap  (page  340) ;  the  crude  material  is 
then  further  tested  by  page  341.  Fish  oil  is  tested  for  by  the  octobromide 
method  (page  331).  The  Morawski  test  is  used  to  detect  rosin  qualitatively; 
quantitatively  page  147  and  following.  According  to  Besson,*  fats,  extracted 
with  carbon  disulphide,  even  in  the  absence  of  rosin,  will  give  the  Liebermann- 
Storch  reaction;  wherefore  if  the  test  is  positive,  the  iodine  value  and  index  of 
refraction  should  be  determined  to  prove  the  presence  of  rosin. 

(j)  Inorganic  Additions.  Borax,  water  glass,  table  salt,  clay,  chalk,  etc., 
are  to  be  separated  by  solution  of  the  soap  in  alcohol;  the  residue  is  then 
examined  in  the  customary  manner,  f 


Fig.  109. 


(&)  Organic  Additions.  Sugar  is  determined  polariscopically  or  with 
Fehling's  solution  after  inversion,  having  previously  treated  the  aqueous  soap 
solution  with  lead  acetate  and  sodium  carbonate. 

Starch  remains  insoluble  on  treating  the  soap  with  alcohol  and  can  be 
qualitatively  detected  by  touching  with  alcoholic  iodine  solution.  It  may  be 
quantitatively  determined  by  hydrolysis  with  dilute  sulphuric  acid  into  dex- 
trose and  then  titrating  this  with  Fehling's  solution. 

Gelatine  is  recognized  by  being  precipitated  with  tannin. 

Glycerine  is  determined,  after  acidification  and  separation  of  the  fatty  acids, 
in  the  filtrate  by  the  acetin  method  (396). 

By  acidification  of  the  solution  with  phosphoric  acid  and  distillation,  alco- 
hol can  be  qualitatively  determined  by  the  iodoform  reaction  and  quantita- 
tively by  determining  the  specific  gravity  of  the  distillate. 

To  determine  carbolic  acid  and  its  homologues  which  are  found  in  medicated 

*  Seifenfabrikant,  1911,  202. 
t  Einheitsmethoden,  60. 
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soaps,  use  is  made  of  the  insolubility  of  the  fatty  acid  salts  in  concentrated 
sodium  chloride  solution  while  the  phenolates  remain  soluble.  100  grams  of 
soap  dissolved  in  hot  water  are  treated  with  10  per  cent  soda  lye.  Tar  hydro- 
carbons are  removed  with  ethyl  ether.  The  alkaline  liquid  is  treated  with 
strong  salt  solution,  the  precipitated  soap  washed  with  salt  solution,  the  filtrate 
evaporated  to  a  small  volume,  washed  into  a  measuring  cylinder  and  enough 
salt  added  to  leave  some  insoluble.  After  acidification  with  sulphuric  acid,  the 
volume  of  the  separated  phenols  *  is  determined. 

Hydrocarbons  from  tar  and  petroleum,  which  are  sometimes  added  to  in- 
crease the  cleansing  action  of  the  soap,  can  be  determined  by  extraction  with 
ethyl  ether  as  given  above;  or  by  solution  of  the  soap  in  50  per  cent  alcohol 
and  then  extracting  by  the  method  of  Spitz  and  Honig.  In  the  presence  of 
more  volatile  hydrocarbons,  such  as  naphtha,  100  grams  of  soap  are  treated 
with  dilute  sulphuric  acid  in  a  roomy  flask  and  the  naphtha  distilled  with  steam 
(turpentine  can  also  be  thus  determined) ;  the  residue  in  the  flask  can  then  be 
saponified  and  tested  for  less  volatile,  unsaponifiable  substances. 

D.  Soap  Powder 

The  soap  powders  represent  a  very  useful  form  of  soap;  they, 
however,  contain  many  added  substances,  such  as  water  glass, 
soda,  substances  liberating  oxygen,  etc.,  and  small  amounts  of 
soap.  The  term  soap  powder  is  sometimes  restricted  to  materials 
containing  at  least  30  per  cent  of  fatty  acid,f  while  products  with 
less  than  this  amount  of  fatty  acid$  are  known  as  washing  powders. 

Among  oxygen-liberating  substances  are  sodium  peroxide,  per- 
borates, percarbonates  and  persulphates. 

To  test  qualitatively  for  oxygen-liberating  substances,  a  sample  is  shaken 
with  water,  dilute  sulphuric  acid  and  chloroform,  and  the  aqueous  layer  sepa- 
rated. This  is  covered  with  ether,  a  few  drops  of  potassium  bichromate  added 
and  then  shaken;  in  the  presence  of  oxygen-liberating  substances  the  ether 
solution  takes  on  a  blue  color  due  to  the  perchromic  acid  formed.  See  the 
"Einheitsmethoden,"  pages  66-70,  for  other  qualitative  methods,  as  well  as 
for  methods  for  the  quantitative  determination  of  the  amount  of  active  oxygen 
by  direct  titration  with  permanganate,  or  in  the  presence  of  ferrous  ammonium 
sulphate. 

From  the  following  description  of  an  analysis,  the  method  of 
procedure  will  be  understood : 

1.  Qualitative  Test.  Soluble  in  water  with  the  exception  of  bits  of  fine 
sand,  etc.  In  solution  there  was  mainly  soda,  and,  as  the  separation  of  silicic 
acid  showed,  some  sodium  silicate,  and  a  small  amount  of  soap.  Heavy 
metals  and  alkaline  earth  metals  were  absent;  reaction  with  PtCl4  was  nega- 
tive, potassium  absent.    Only  carbonic,  silicic  and  fatty  acids  present. 

*  E.  Schmidt,  Pharm.  Chem.,  1896,  913. 
t  Seifensidenseitung,  1911,  653. 


TECHNICAL  PRODUCTS  PREPARED  FROM  FATS       391 

Per  cent 

2.  Moisture.    Weighed  powder,  dried  at  100°,  found 21 .  72 

3.  Substances  insoluble  in  water  (fine  sand,  etc.) 1.5 

4.  Silica  found  in  filtrate  after  evaporation  with  hydrochloric  acid 

and  drying  at  130° 11.00 

5.  Soap.    The  dried  powder  leached  with  absolute  alcohol,  fil- 
tered and  evaporated 8. 00 

6.  Soda.    By  determination  of  the  amount  of  carbon  dioxide, 
calculated  as  sodium  carbonate 42.00 

7.  To  determine  the  amount  of  sodium  united  with  the  silicic  acid,  in  the 
filtrate  from  the  silicic  acid  determination  the  total  sodium  was  found  by 
weighing  as  sodium  sulphate;  the  amount  in  the  carbonate  and  in  the  8  per 
cent  of  soap  being  subtracted,  the  remainder  was  attributed  to  sodium  silicate, 
and  this  was  found  to  be  (per  cent)* 26.00 

E.  Glycerol  (Glycerine) 

I.  General 

Glycerine,!  which  is  present  as  glyceryl  ester  in  all  saponifiable 
fats  and  oils,  is  a  by-product  of  stearic  acid  and  of  soap  manufac- 
ture. In  these  industries,  dilute  glycerine  solutions  are  obtained; 
these  may  contain  varying  amounts  of  glycerol.  By  suitable 
treatment  and  evaporation  crude  glycerines  are  obtained;  these 
crude  glycerines  are  distinguished  according  to  their  origin  (soap- 
lye  glycerine,  autoclave  glycerine,  Twitchell,  fermentation,  Krebitz; 
see  also  the  hydrolysis  of  fat,  page  376).  The  crude  glycerines 
may  be  refined  by  chemical  treatment  and  decolorization;  distilled 
glycerine  is  obtained  by  the  distillation  of  crude  glycerines. 

II.  Qualitative  Examination 

Glycerol  (and  consequently  glycerides)  can  be  detected  by  the 
acrolein  test;  by  heating  with  potassium  bisulphate,  water  is  split 
out  from  glycerol,  and  acrolein  with  characteristic  odor  is  formed. 

CH2OH .  CHOH .  CH2OH  ->  CH2:  CH .  CHO  +  2  H20. 

If  only  a  very  little  fat  is  present,  the  sample  is  saponified  in  the  usual  man- 
ner, the  fatty  acid  separated  with  mineral  acid,  the  acid  filtered  and  the  filtrate 
evaporated  after  neutralization  with  soda.  The  residue  is  than  tested  for 
glycerine  by  the  bisulphate  method. 

*  From  the  11  per  cent  of  silicic  acid  found,  a  smaller  amount  of  sodium 
silicate  would  be  calculated,  but  it  must  be  remembered  that  the  ratio  of  SiO* 
to  NaaO  in  water  glass  varies. 

t  Einheitamethoden,  74  for  literature. 
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By  another  method  *  the  sample  to  be  tested  for  glycerine  is  boiled  with 
alcoholic  potash,  acidified,  filtered,  the  filtrate  made  alkaline,  copper  sulphate 
added,  and  the  solution  boiled  one  minute.  If  the  filtrate  from  this  is  blue, 
glycerine  is  present. 

III.  Quantitative  Determination 

This  determination  is  of  importance  in  estimating  the  value  of 
the  products  of  the  candle  or  the  soap  industries;  it  is  used  in  fat 
analysis,  only  when,  for  example,  it  is  necessary  to  test  for  fats  in 
waxes  and  substances  which  are  not  glycerides.  Since  the  glyc- 
erides  yield  about  10  per  cent  of  glycerine  (the  glyceryl  radical  is 
about  5  per  cent  of  the  fat)  the  amount  of  neutral  fat  may  be  ap- 
proximately determined  from  the  glycerine  content. 

(a)  Crude  Glycerine.  The  following  methods  for  the  analysis 
of  crude  glycerines  were  recommended  by  the  International  Com- 
mittee on  Glycerine  Analysis  which  met  in  London  in  October, 
1910.f 

1.  Determination  of  Free  Caustic  Alkali  Put  20  grams  of  the  sample 
into  a  100  c.c.  flask,  dilute  with  approximately  50  c.c.  of  freshly  boiled  distilled 
water,  add  an  excess  of  neutral  barium  chloride  solution,  1  c.c.  of  Phenolphtha- 
lein solution,  make  up  to  the  mark  and  mix.  Allow  the  precipitate  to  settle, 
draw  off  50  c.c.  of  the  clear  liquid  and  titrate  with  normal  acid  {N/1).  Calcu- 
late the  percentage  of  sodium  oxide  existing  as  caustic  alkali. 

2.  Determination  of  Ash  and  Total  Alkalinity.  Weigh  2  to  5  grams  of  the 
sample  in  a  platinum  dish,  burn  off  the  glycerine  over  a  luminous  Argand 
burner  or  other  source  of  heat,{  giving  a  low  temperature,  to  avoid  volatilisa- 
tion and  the  formation  of  sulphides.  When  the  mass  is  charred  to  the  point 
that  water  will  not  be  colored  by  soluble  organic  matter,  lixiviate  with  hot 
distilled  water,  filter,  wash  and  ignite  the  residue  in  the  platinum  dish.  Return 
the  filtrate  and  washings  to  the  dish,  evaporate  the  water,  and  carefully  ignite 
without  fusion.    Weigh  the  ash. 

Dissolve  the  ash  in  distilled  water  and  titrate  total  alkalinity,  using  as  indi- 
cator methyl  orange  cold  or  litmus  boiling. 

3.  Determination  of  Alkali  Present  as  Carbonate.  Take  10  grams  of  the 
sample,  dilute  with  50  c.c.  distilled  water,  add  sufficient  N/1  acid  to  neutralise 
the  total  alkali  found  at  (2),  boil  under  a  reflux  condenser  for  15  to  20  minutes, 
wash  down  the  condenser  tube  with  distilled  water,  free  from  carbon  dioxide, 
and  then  titrate  back  with  N/1  sodium  hydroxide,  using  Phenolphthalein  as 
indicator.    Calculate  the  percentage  of  sodium  oxide.    Deduct  the  sodium 

*  Wagenaar,  Chem.  Zentrallblatt,  1911, 1,  1765;  II,  103. 

t  Jour.  Ind.  and  Eng.  Chem.,  3,  682  (1911);  Zeit.  f.  angew.  Chem.,  24, 865 
(1911). 

t  Carbon  is  readily  burned  off  completely)  without  loss  of  chlorides,  in  a 
gas-heated  muffle  furnace  adjusted  to  a  dull  red  heat. 
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oxide  found  in  (1).    The  difference  is  the  percentage  of  sodium  oxide  existing 
as  carbonate. 

4.  Alkali  Combined  with  Organic  Acids.  The  sum  of  the  percentages  of 
sodium  oxide  found  at  (1)  and  (3)  deducted  from  the  percentage  found  at  (2) 
is  a  measure  of  the  sodium  oxide  or  other  alkali  combined  with  organic  acids. 

5.  Determination  of  Acidity.  Take  10  grams  of  the  sample,  dilute  with 
50  c.c.  distilled  water  free  from  carbon  dioxide,  and  titrate  with  N/l  sodium 
hydroxide  and  Phenolphthalein.  Express  in  terms  of  sodium  oxide  required 
to  neutralize  100  grams. 

6.  Determination  of  Total  Residue  at  i6o°  C.  For  this  determination 
the  crude  glycerine  should  be  slightly  alkaline  with  sodium  carbonate  not 
exceeding  0.2  per  cent  sodium  oxide,  in  order  to  prevent  loss  of  organic  acids. 
To  avoid  the  formation  of  polyglycerols  this  alkalinity  must  not  be  exceeded. 

Ten  grams  of  the  sample  are  put  into  a  100  c.c.  flask,  diluted  with  water 
and  the  calculated  quantity  of  N/l  hydrochloric  acid  or  sodium  carbonate 
added  to  give  the  required  degree  of  alkalinity.  The  flask  is  filled  to  100  c.c, 
the  contents  mixed,  and  10  c.c.  measured  into  a  weighed  Petrie  or  similar  dish 
2.5  inches  in  diameter  and  0.5  inch  deep,  which  should  have  a  flat  bottom.  In 
the  case  of  crude  glycerines  abnormally  high  in  organic  residue  a  smaller 
amount  should  be  taken,  so  that  the  weight  of  the  organic  residue  does  not 
materially  exceed  30  to  40  milligrams. 

The  dish  is  placed  on  a  water  bath  (the  top  of  the  160°  oven  acts  equally 
well)  until  most  of  the  water  has  evaporated.  From  this  point  the  evapora- 
tion is  effected  in  the  oven.  Satisfactory  results  are  obtained  in  an  oven* 
measuring  12  inches  cube,  having  an  iron  plate  0.75  inch  thick  lying  on  the 
bottom  to  distribute  the  heat.  Strips  of  asbestos  millboard  are  placed  on  a 
shelf  halfway  up  the  oven.  On  these  strips  the  dish  containing  the  glycerine 
is  placed. 

If  the  temperature  of  the  oven  has  been  adjusted  to  160°  C.  with  the  door 
closed,  a  temperature  of  130°  to  140°  can  be  readily  maintained  with  the  door 
partially  open,  and  the  glycerine,  or  most  of  it,  should  be  evaporated  off  at 
this  temperature.  When  only  a  slight  vapor  is  seen  to  come  off,  the  dish  is 
removed  and  allowed  to  cool. 

An  addition  of  0.5  to  1.0  c.c.  of  water  is  made,  and  by  a  rotary  motion  the 
residue  brought  wholly  or  nearly  into  solution.  The  dish  is  then  allowed  to 
remain  on  a  water  bath  or  top  of  the  oven  until  the  excess  water  has  evaporated 
and  the  residue  is  in  such  a  condition  that  on  returning  to  the  oven  at  160°  C. 
it  will  not  spurt.  The  time  taken  up  to  this  point  cannot  be  given  definitely, 
nor  is  it  important.  Usually  two  or  three  hours  are  required.  From  this 
point,  however,  the  schedule  of  time  must  be  strictly  adhered  to.  The  dish  is 
allowed  to  remain  in  the  oven,  the  temperature  of  which  is  carefully  main- 
tained, at  160°  C.  for  an  hour,  when  it  is  removed,  cooled,  the  residue  treated 
with  water,  and  the  water  evaporated  as  before.    The  residue  is  then  sub- 

*  An  electric  oven  suitable  for  this  work,  which  is  readily  adjusted  to 
160°  C,  has  been  made  for  A.  C.  Langmuir  and  W.  H.  Low,  by  the  Apparatus 
and  Specialty  Co.,  Lansing,  Mich.  Its  size  is  9}  X  10  X  16  inches  and  capac- 
ity 8  Petrie  dishes.    It  gives  a  strong  draft  at  constant  temperature. 
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jected  to  a  second  baking  of  one  hour,  after  which  the  dish  is  allowed  to  cool 
in  a  desiccator  over  sulphuric  acid  and  weighed.  The  treatment  with  water, 
etc.,  is  repeated  until  a  constant  loss  of  1  to  1.5  mg.  per  hour  is  obtained. 

In  the  case  of  acid  glycerine  a  correction  must  be  made  for  the  alkali  added; 
1  c.c.  N/1  alkali  represents  an  addition  of  0.03  gram.  In  the  case  of  alkaline 
crudes  a  correction  should  be  made  for  the  acid  added.  Deduct  the  increase 
in  weight  due  to  the  conversion  of  the  sodium  hydroxide  and  sodium  carbonate 
to  sodium  chloride.  The  corrected  weight  multiplied  by  100  gives  the  per- 
centage of  total  residue  at  160°  C. 

This  residue  is  taken  for  the  determination  of  the  non-volatile  acetylizable 
impurities  (see  acetin  method). 

7.  Organic  Residue.  Subtract  the  ash  from  the  total  residue  at  160°  C. 
Report  as  organic  residue  at  160°  C.  (it  should  be  noted  that  alkaline  salts  of 
fatty  acids  are  converted  to  carbonates  on  ignition  and  that  the  carbon  dioxide 
thus  derived  is  not  included  in  the  organic  residue). 

8.  Moisture.  Glycerine  can  be  completely  freed  from  moisture  by  standing 
in  a  vacuum  over  concentrated  sulphuric  acid  or  phosphoric  anhydride. 

2-3  grams  of  voluminous  asbestos  (previously  washed  with  acids  and  then 
dried  in  a  steam  drying  closet)  are  placed  in  a  weighed  bottle  of  15  c.c.  capacity. 
The  bottle  is  then  kept  in  a  vacuum  desiccator  (at  1-2  mm.  mercury  pressure), 
over  sulphuric  acid  till  the  weight  is  constant;  then  1-1.5  grams  of  the  sample 
are  dropped  carefully  on  the  asbestos  so  that  the  glycerine  is  completely  ab- 
sorbed. The  bottle  with  contents  is  then  weighed  and  kept  in  a  desiccator 
(at  1-2  mm.  pressure)  till  the  weight  has  become  constant;  this  will  require 
about  48  hours  at  15°  Qonger  at  lower  temperatures).  The  sulphuric  acid  in 
the  desiccator  must  be  frequently  renewed. 

ACETIN  PROCESS  FOR  THE  DETERMINATION  OF  GLYCEROL 

This  process  is  the  one  agreed  upon  at  a  conference  of  delegates 
from  the  British,  French,  German  and  American  committees,  and 
has  been  confirmed  by  each  of  the  above  committees  as  giving 
results  nearer  to  the  truth  than  the  bichromate  method  on  crudes 
in  general.  It  is  the  process  to  be  used  (if  applicable)  whenever 
only  one  method  is  employed.  On  pure  glycerines  the  results  are 
identical  with  those  obtained  by  the  bichromate  process.  For 
the  application  of  this  method  the  crude  glycerine  should  not  con- 
tain over  60  per  cent  water. 

REAGENTS  REQUIRED 

(A)  Best  Acetic  Anhydride.  This  should  be  carefully  selected.  A  good 
sample  must  not  require  more  than  0.1  normal  sodium  hydroxide  for  saponifi- 
cation of  the  impurities  when  a  blank  is  run  on  7.5  c.c.  Only  a  slight  color 
should  develop  during  digestion  of  the  blank. 

The  anhydride  may  be  tested  for  strength  by  the  following  method :  Into  a 
weighed  stoppered  vessel,  containing  10  to  20  c.c.  of  water,  run  about  2  c.c.  of 
the  anhydride,  replace  the  stopper  and  weigh.    Let  stand  with  occasional 
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shaking,  for  several  hours,  to  permit!  the  hydrolysis  of  all  the  anhydride;  then 
dilute  to  about  200  c.c.,  add  Phenolphthalein  and  titrate  with  JV/1  sodium 
hydroxide.  This  gives  the  total  acidity  due  to  free  acetic  acid  and  acid  formed 
from  the  anhydride.  It  is  worthy  of  note  that  in  the  presence  of  much  free 
anhydride  a  compound  is  formed  with  Phenolphthalein,  soluble  in  alkali  and 
acetic  acid,  but  insoluble  in  neutral  solutions.  If  a  turbidity  is  noticed  toward 
the  end  of  the  neutralization  it  is  an  indication  that  the  anhydride  is  incom- 
pletely hydrolyzed  and  inasmuch  as  the  indicator  is  withdrawn  from  the  solu- 
tion, results  may  be  incorrect. 

Into  a  stoppered  weighing  bottle  containing  a  known  weight  of  recently 
distilled  aniline  (from  10  to  20  c.c.)  measure  about  2  c.c.  of  the  sample,  stopper, 
mix,  cool  and  weigh.  Wash  the  contents  into  about  200  c.c.  of  cold  water,  and 
titrate  the  acidity  as  before.  This  yields  the  acidity  due  to  the  original,  pre- 
formed, acetic  acid  plus  one-half  the  acid  due  to  anhydride  (the  other  half 
having  formed  acetanilide) ;  subtract  the  second  result  from  the  first  (both 
calculated  to  100  grams)  and  double  the  result,  obtaining  the  c.c.  N/1  sodium 
hydroxide  per  100  grams  of  the  sample.  1  c.c.  JV/1  sodium  hydroxide  equals 
0.0510  anhydride. 

(B)  Pure  Fused  Sodium  Acetate.  The  purchased  salt  is  again  completely 
fused  in  a  platinum,  silica  or  nickel  dish,  avoiding  charring,  powdered  quickly 
and  kept  in  a  stoppered  bottle  or  desiccator.  It  is  most  important  that  the 
sodium  acetate  be  anhydrous. 

(C)  A  Solution  of  Caustic  Soda  for  Neutralizing,  of  about  N/i  Strength, 
Free  from  Carbonate.  This  can  be  readily  made  by  dissolving  pure  sodium 
hydroxide  in  its  own  weight  of  water  (preferably  water  free  from  carbon 
dioxide)  and  allowing  to  settle  until  clear,  or  filtering  through  an  asbestos  or 
paper  filter.  The  clear  solution  is  diluted  with  water  free  from  carbon  dioxide 
to  the  strength  required. 

(D)  N/i  Caustic  Soda  Free  from  Carbonate.  Prepared  as  above  and 
carefully  standardized.  Some  caustic  soda  solutions  show  a  marked  diminu- 
tion in  strength  after  being  boiled;  Buch  solutions  should  be  rejected. 

(E)  N/i  Acid.    Carefully  standarized. 

(F)  Phenolphthalein  Solution.  0.5  per  cent  Phenolphthalein  in  alcohol 
and  neutralized. 

THE  METHOD 

In  a  narrow-mouthed  flask  (preferably  round-bottomed),  capacity  about 
120  c.c,  which  has  been  thoroughly  cleaned  and  dried,  weigh  accurately  and 
as  rapidly  as  possible  1.25  to  1.5  grams  of  the  glycerine.  A  Grethan  or  Lunge 
pipette  will  be  found  convenient.  Add  about  3  grams  of  the  anhydrous  sodium 
acetate,  then  7.5  c.c.  of  the  acetic  anhydride,  and  connect  the  flask  with  an 
upright  Leibig  condenser.  For  convenience  the  inner  tube  of  this  condenser 
should  not  be  over  50  cm.  long  and  9  to  10  mm.  inside  diameter.  The  flask  is 
connected  to  the  condenser  by  either  a  ground  glass  joint  (preferably)  or  by  a 
rubber  stopper.  If  a  rubber  stopper  is  used  it  should  have  had  a  preliminary 
treatment  with  hot  acetic  anhydride  vapor. 

Heat  the  contents  and  keep  just  boiling  for  one  hour,  taking  precautions  to 
prevent  the  salts  drying  on  the  sides  of  the  flask. 
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Allow  the  flask  to  cool  somewhat,  and  through  the  condenser  tube  add  50  c.c. 
of  distilled  water  free  from  carbon  dioxide  at  a  temperature  of  about  80°  C, 
taking  care  that  the  flask  is  not  loosened  from  the  condenser.  The  object  of 
cooling  is  to  avoid  any  sudden  rush  of  vapors  from  the  flask  on  adding  water 
and  to  avoid  breaking  the  flask.  Time  is  saved  by  adding  the  water  before  the 
contents  of  the  flask  solidify,  but  the  contents  may  be  allowed  to  solidify  and 
the  test  proceeded  with  the  next  day  without  detriment,  bearing  in  mind  that 
the  anhydride  in  excess  is  much  more  effectively  hydrolyzed  in  hot  than  in 
cold  water.  The  contents  of  the  flask  may  be  warmed  to,  but  must  not  ex- 
ceed, 80°  C,  until  the  solution  is  complete,  except  a  few  dark  flocks  represent- 
ing organic  impurities  in  the  crude.  By  giving  the  flask  a  rotary  motion, 
solution  is  more  quickly  effected. 

Cool  the  flask  and  contents  without  loosening  from  the  condenser.  When 
quite  cold  wash  down  the  inside  of  the  condenser  tube,  detach  the  flask,  wash 
off  the  stopper  or  ground  glass  connection  into  the  flask,  and  filter  the  con- 
tents through  an  acid-washed  filter  into  a  Jena  glass  flask  of  about  1  liter 
capacity.  Wash  thoroughly  with  cold  distilled  water  free  from  carbon  dioxide. 
Add  2  c.c.  of  Phenolphthalein  solution  (F),  then  run  in  caustic  soda  solution 
(C)  or  (D)  until  a  faint  pinkish  yellow  color  appears  throughout  the  solution 
This  neutralization  must  be  done  most  carefully;  the  alkali  should  be  run 
down  the  sides  of  the  flask,  the  contents  of  which  are  kept  rapidly  swirling 
with  occasional  agitation  or  change  of  motion  until  the  solution  is  nearly 
neutralized,  as  indicated  by  the  slower  disappearance  of  the  color  developed 
locally  by  the  alkali  running  into  the  mixture.  When  this  point  is  reached 
the  sides  of  the  flask  are  washed  down  with  carbon  dioxide-free  water  and  the 
alkali  subsequently  added  drop  by  drop,  mixing  after  each  drop  until  the  de- 
sired tint  is  obtained. 

Now  run  in  from  a  burette  50  c.c.  or  a  calculated  excess  of  N/1  NaOH  (D) 
and  note  carefully  the  exact  amount.  Boil  gently  for  15  minutes,  the  flask 
being  fitted  with  a  glass  tube  acting  as  a  partial  condenser.  Cool  as  quickly 
as  possible  and  titrate  the  excess  of  NaOH  with  N/1  acid  (E)  until  the  pinkish 
yellow  or  chosen  end-point  color  just  remains.*  A  further  addition  of  the 
indicator  at  this  point  will  cause  an  increase  of  the  pink  color;  this  must  be 
neglected,  and  the  first  end-point  taken. 

From  the  N/1  NaOH  consumed  calculate  the  percentage  of  glycerol  (in- 
cluding acetylizable  impurities)  after  making  the  correction  for  the  blank  test 
described  below. 

1  c.c.  N/1  NaOH  -  0.03069  gram  glycerol. 

The  coefficient  of  expansion  for  normal  solutions  is  0.00033  per  c.c.  for  each 
degree  centigrade.    A  correction  should  be  made  on  this  account  if  necessary. 

Blank  Test  As  the  acetic  anhydride  and  sodium  acetate  may  contain 
impurities  which  affect  the  result,  it  is  necessary  to  make  a  blank  test,  using 
the  same  quantities  of  acetic  anhydride,  sodium  acetate  and  water  as  in  the 
analysis.    It  is  not  necessary  to  filter  the  solution  of  the  melt  in  this  case,  but 

*  A  precipitate  at  this  point  is  an  indication  of  the  presence  of  iron  or 
alumina,  and  high  results  will  be  obtained  unless  a  correction  is  made  as  de- 
scribed below. 
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sufficient  time  must  be  allowed  for  the  hydrolysis  of  the  anhydride  before  pro- 
ceeding with  the  neutralization.  After  neutralization  it  is  not  necessary  to 
add  more  than  10  c.c.  of  the  N/l  alkali  (D),  as  this  represents  the  excess  usually 
present  after  the  saponification  of  the  average  soap  lye  crude.  In  determining 
the  acid  equivalent  of  the  N/l  NaOH,  however,  the  entire  amount  taken  in  the 
analysis,  50  c.c,  should  be  titrated  after  dilution  with  300  c.c.  water  free  from 
carbon  dioxide  and  without  boiling. 

Determination  of  the  Glycerol  Value  of  the  Acetylizable  Impurities. 
The  total  residue  at  160°  C.  is  dissolved  in  1  or  2  c.c.  of  water,  washed  into  the 
acetylizing  flask  and  evaporated  to  dryness.  Then  add  anhydrous  sodium 
acetate  and  acetic  anhydride  in  the  usual  amounts  and  proceed  as  described  in 
the  regular  analysis.  After  correcting  for  the  blank,  calculate  the  result  to 
glycerol. 

Instructions  for  Calculating  the  Actual  Glycerol  Content. 

(1)  Determine  the  apparent  percentage  of  glycerol  in  the  sample  by  the 
acetin  process  as  described.  The  result  will  include  acetylizable  impurities  if 
any  are  present. 

(2)  Determine  the  total  residue  at  160°  C. 

(3)  Determine  the  acetin  value  of  the  residue  at  (2)  in  terms  of  glycerol. 

(4)  Deduct  the  result  found  at  (3)  from  the  percentage  obtained  at  (1)  and 
report  this  corrected  figure  as  glycerol.  If  volatile  acetylizable  impurities  are 
present  these  are  included  in  this  figure. 

BICHROMATE  PROCESS  FOR  GLYCEROL  DETERMINATION 

Reagents  Required 

(A)  Pure  Potassium  Bichromate  powdered  and  dried  in  air  free  from  dust 
or  organic  vapors,  at  110°  to  120°  C.    This  is  taken  as  the  standard. 

(B)  Dilute  Bichromate  Solution.  7.4564  grams  of  the  above  bichromate 
are  dissolved  in  distilled  water  and  the  solution  made  up  to  one  liter  at  15.5°  C. 

(C)  Ferrous  Ammonium  Sulphate.  It  is  never  safe  to  assume  this  salt  to 
be  constant  in  composition  and  it  must  be  standardized  against  the  bichromate 
as  follows:  dissolve  3.7282  grams  of  bichromate  (A)  in  50  c.c.  of  water.  Add 
50  c.c.  of  50  per  cent  sulphuric  acid  (by  volume),  and  to  the  cold  undiluted  so- 
lution add  from  a  weighing  bottle  a  moderate  excess  of  the  ferrous  ammonium 
sulphate,  and  titrate  back  with  the  dilute  bichromate  (23).  Calculate  the 
value  of  the  ferrous  salt  in  terms  of  bichromate. 

(D)  Silver  Carbonate.  This  is  prepared  as  required  for  each  test  from 
140  c.c.  of  0.5  per  cent  silver  sulphate  solution  by  precipitation  with  about 
4.9  c.c.  N/l  sodium  carbonate  solution  (a  little  less  than  the  calculated  quan- 
tity of  N/l  sodium  carbonate  should  be  used  as  an  excess  prevents  rapid  set- 
tling).   Settle,  decant  and  wash  once  by  decantation. 

(E)  Subacetate  of  Lead.  Boil  a  10  per  cent  solution  of  pure  lead  acetate 
with  an  excess  of  litharge  for  one  hour,  keeping  the  volume  constant,  and  filter 
while  hot.  Disregard  any  precipitate  which  subsequently  forms.  Preserve 
out  of  contact  with  carbon  dioxide. 

(F)  Potassium  Ferricyanide.  A  very  dilute,  freshly  prepared  solution 
containing  about  0.1  per  cent. 
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THE  METHOD 

Weigh  20  grams  of  the  glycerine,  dilute  to  250  c.c.  and  take  25  c.c.  Add  the 
silver  carbonate,  allow  to  stand,  with  occasional  agitation,  for  about  10  min- 
utes, and  add  a  slight  excess  (about  5  c.c.  in  most  cases)  of  the  basic  lead  ace- 
tate (E),  allow  to  stand  a  few  minutes,  dilute  with  distilled  water  to  100  c.c, 
and  then  add  0.15  c.c.  to  compensate  for  the  volume  of  the  precipitate,  mix 
thoroughly,  filter  through  an  air-dry  filter  into  a  suitable  narrow-mouthed 
vessel,  rejecting  the  first  10  c.c,  and  return  the  nitrate  if  not  clear  and  bright. 
Test  a  portion  of  the  filtrate  with  a  little  basic  lead  acetate,  which  should  pro- 
duce no  further  precipitate  (in  the  great  majority  of  cases  5  c.c,  are  ample,  but 
occasionally  a  crude  will  be  found  requiring  more,  and  in  this  case  another 
aliquot  of  25  c.c.  of  the  dilute  glycerine  should  be  taken  and  purified  with  6  c.c 
of  the  basic  acetate).  Care  must  be  taken  to  avoid  a  marked  excess  of  basic 
acetate. 

Measure  off  25  c.c.  of  the  clear  filtrate  into  a  flask  or  beaker  (previously 
cleaned  with  potassium  bichromate  and  sulphuric  acid).  Add  12  drops  of 
sulphuric  acid  (1 : 4)  to  precipitate  the  small  excess  of  lead  as  sulphate.  Add 
3.7282  grams  of  the  powdered  potassium  bichromate  (A).  Rinse  down  the 
bichromate  with  25  c.c.  of  water  and  let  stand  with  occasional  shaking  until  all 
the  bichromate  is  dissolved  (no  reduction  will  take  place  in  the  cold). 

Now  add  50  c.c  of  50  per  cent  sulphuric  acid  (by  volume)  and  immerse  the 
vessel  in  boiling  water  for  two  hours  and  keep  protected  from  dust  and  organic 
vapors,  such  as  alcohol,  till  the  titration  is  completed.  Add  from  a  weighing 
bottle  a  slight  excess  of  the  ferrous  ammonium  sulphate  (C),  making  spot  tests 
on  a  porcelain  plate  with  the  potassium  ferricyanide  (F).  Titrate  back  with 
the  dilute  bichromate.  From  the  amount  of  bichromate  reduced  calculate 
the  percentage  of  glycerol. 

1  gram  glycerol  =  7.4564  grams  bichromate. 

1  gram  bichromate  =  0.13411  gram  glycerol. 

The  percentage  of  glycerol  obtained  above  includes  any  oxidizable  impuri- 
ties present  after  the  purification.  A  correction  for  the  non-volatile  impurities 
may  be  made  by  running  a  bichromate  test  on  the  residue  at  160°  C. 

NOTES 

(1)  It  is  important  that  the  concentration  of  acid  in  the  oxidation  mixture 
and  the  time  of  oxidation  should  be  strictly  adhered  to. 

(2)  Before  the  bichromate  is  added  to  the  glycerine  solution  it  is  essential 
that  the  slight  excess  of  lead  be  precipitated  with  sulphuric  acid,  as  stipulated. 

(3)  For  crudes  practically  free  from  chlorides  the  quantity  of  silver  car- 
bonate may  be  reduced  to  one-fifth  and  the  basic  lead  acetate  to  0.5  c.c. 

(4)  It  is  sometimes  advisable  to  add  a  little  potassium  sulphate  to  insure  a 
clear  filtrate. 

SAMPLING  CRUDE  GLYCERINE 

The  usual  method  of  sampling  crude  glycerine  hitherto  has  been  by  means 
of  a  glass  tube,  which  is  slowly  lowered  into  the  drum  with  the  object  of  taking 
as  nearly  as  possible  a  vertical  section  of  the  glycerine  contained  in  the  drum. 
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This  method  has  been  found  unsatisfactory,  owing  to  the  fact  that  in  cold 
climates  glycerine  runs  into  the  tube  very  slowly,  SO  that,  owing  to  the  time 
occupied,  it  is  impossible  to  take  a  complete  section  of  the  crude.  Another 
objection  to  the  glass  tube  is  that  it  fails  to  take  anything  approaching  a  cor- 
rect proportion  of  any  settled  salt  contained  in  the  drum. 

The  sampler  which  is  illustrated  herewith  has  been  devised  with  the  object 
of  overcoming  the  objections  to  the  glass  tube  as  far  as  possible.     It  consists  of 
two  brass  rods,  one  fitting  closely  inside  the  other.     A  number  of  ports  are  cut 
out  in  each  tube  in  such  a  way  that  when  the  porta  are  opened  a  continuous 
slot  is  formed  which  enables  a  complete  section  to  be  taken  throughout  the 
entire  length  of  the  drum.    By  this  arrangement  the  glycerine  fills  into  the 
sampler  almost  instantaneously.    There  are  a  number 
of  ports  cut  at  the  bottom  of  the  sampler  which  render 
it  possible  to  take  a  proportion  of  the  salt  at  the  bot- 
tom of  the  drum.     The  instrument  is  so  constructed 
that  all  the  ports,  including  the  bottom  ones,  can  be 
closed  simultaneously  by  the  simple  action  of  turning 
the  handle  at  the  top;  a  pointer  is  arranged  which 
indicates  on  a  dial  when  the  sampler  is  open  or  closed. 
In  samplers  of  larger  section  (1  inch)  it  is  possible  to 
arrange  a  third  motion  whereby  the  bottom  ports  only 
are  open  for  emptying  but  in  samplers  of  smaller 
dimensions  (|  inch)  this  third  motion  must  be  dis- 
pensed with,  otherwise  the  dimensions  of  the-  ports 
have  to  be  so  small  that  the  sampler  would  not  be 
efficient. 

In  using  the  sampler  it  is  introduced  into  the  drum 
with  the  ports  closed,  and  when  it  has  touched  the 
bottom,  the  ports  are  opened  for  a  second  or  two, 
then  closed  and  withdrawn,  and  the  sample  discharged 
into  the  receiving  vessel  by  opening  the  ports.  When 
the  drum  contains  salt  which  has  deposited,  the  ports  Fio.  110. 

must  be  opened  before  the  sampler  is  pushed  through 

the  salt,  thus  enabling  a  portion  tobe  included  in  the  sample.  It  is,  however, 
almost  impossible  to  obtain  a  correct  proportion  of  salt  after  it  has  settled  in 
the  drum  and  it  is  therefore  recommended  that  the  drum  be  sampled  before 
any  salt  has  deposited.  A  sampler  1  inch  in  diameter  withdraws  approx- 
imately 10  ounces  from  a  110-gallon  drum.  A  sampler  f  inches  in  diameter 
will  withdraw  about  5  ounces. 


REMARKS 

It  has  been  shown  by  experience  that  in  good  crude  glycerine,  the  sum  of 
water,  total  residue  at  160°  and  corrected  glycerine  content  will  be  equal  to 
100  ±  0.S  per  cent.  Moreover  with  auch  samples,  the  bichromate  method 
will  agree  with  the  acetin  result  to  within  1  per  cent. 

If  larger  differences  are  found,  then  impurities,  such  as  polyglycerines  or 
trimethylene  glycol,  are  present.     Trimetbylene  glycol  is  more  volatile  than 
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glycerine;  it  can  therefore  be  isolated  by  fractional  distillation.  An  approxi- 
mation to  the  quantity  can  be  obtained  from  the  spread  between  the  acetin 
and  bichromate  results  on  such  distillates.  Trimethylene  glycol  shows  by 
the  first  method  80.69  per  cent  and  by  the  second  138.3  per  cent  glycerine. 
In  valuing  the  crude  glycerine  for  some  purposes,  the  determination  of  its 
approximate  content  of  arsenic,  sulphides,  sulphites  and  thiosulphates  is 
necessary.  The  methods  for  the  determination  of  these  components  were  not 
included  in  the  report. 

RECOMMENDATION  OF  THE  COMMITTEE 

If  the  non-volatile,  organic  residue  at  160°  be  more  than  2.5  per  cent  of 
glycerine  (without  correcting  for  the  carbon  dioxide  in  the  ash),  the  residue 
is  to  be  tested  by  the  acetin  method,  and  the  glycerine  content  found,  which 
exceeds  0.5  per  cent,  is  to  be  subtracted  from  the  acetin  result.  With  saponi- 
fication glycerine  and  similar  glycerines,  the  organic  residue  is  to  be  neglected 
if  it  does  not  exceed  1  per  cent.  If  the  sample  should  contain  more  than  1  per 
cent,  the  organic  residue  must  be  acetylated  and  the  glycerine  found  (after 
subtracting  0.5  per  cent)  subtracted  from  the  acetin  value. 

(6)  Pure  Glycerol.  Besides  the  methods  given  in  (a)  the 
following  are  also  in  use: 

1.  The  method  of  Benedikt  and  Zsigmondi  depends  on  the 
oxidation  of  glycerine  to  oxalic  acid  by  the  action  of  permanganate 
in  alkaline  solution  according  to  the  equation: 

C8H6(OH)s+4KMn04+4KOH-^C2H204+4K2MnOs+C02+5H20 

C5H6(OH)3+3  02  -►  <^H204+C02+3  H20. 

2-3  grams  of  fat  are  saponified  with  KOH  and  methyl  alcohol;  the  fatty 
acids  are  separated  from  the  soap  (page  347)  and  well  washed.  The  combined 
filtrate  is  clarified  by  filtration  through  a  double  filter-paper,  then  washed, 
neutralized  with  potassium  hydroxide  and  diluted  with  a  solution  of  10  grams 
of  KOH  in  300  c.c.  of  water.  To  this  solution  5  per  cent  permanganate  is 
added  till  the  liquid  is  colored  blue  or  black.  After  standing  i  hour,  hydrogen 
peroxide  is  added,  not  in  great  excess,  to  decompose  the  unchanged  perman- 
ganate. The  colorless  solution  is  put  into  a  liter  graduated  flask  and  water 
added  up  to  the  mark;  500  c.c.  are  then  filtered,  heated  to  boiling  for  §  hour 
to  decompose  the  excess  hydrogen  peroxide,  cooled  to  60°  and  the  oxalic  acid 
titrated  with  N/10  permanganate.  Two  molecular  weights  of  permanganate 
are  equivalent  to  five  molecular  weights  of  glycerol,  the  oxidation  in  acid  solu- 
tion taking  place  according  to  the  equation: 

5C2H.04  +  2KMn04  +  3H,S04->8H,0  +  10CO,  +  K*S04  +  2MnS04. 

This  method  gives  exact  results  only  when  no  other  oxidizable  substances  are 
present.* 

*  Willstatter,  Ber.,  46,  2825  (1912). 
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2.  The  method  of  Shukoff  and  Schestakoff  *  has  also  been  found 
useful  industrially^  the  agreement  of  the  results  by  the  extraction 
and  the  acetin  methods  being  very  good,  although  in  some  cases 
the  values  obtained  by  the  extraction  method  are  somewhat  high. 

The  glycerol  is  directly  determined  by  evaporating  the  glycerine  solution 
(below  80°)  to  a  syrup  which  is  then  mixed  with  anhydrous  sodium  sulphate 
and  this  mixture  extracted  with  acetone  in  a  Soxhlet  apparatus.  By  evapo- 
ration of  the  solvent  under  80°  the  residual  glycerol  can  be  weighed. 

3.  In  the  method  of  Zeisel  and  Fanto  J  hydriodic  acid  is  allowed 
to  act  on  glycerine  with  the  formation  of  isopropyl  iodide  which 
after  volatilization  is  allowed  to  react  with  silver  nitrate  with  the 
formation  of  silver  iodide  and  propylene. 

C8H5(OH)s  +  5  HI  -►  C,H7I  +  3  H20  +  2 12. 
C8H7I  +  AgN03  -»  Agl  +  C8H6  +  HNO* 

Twenty  grams  of  fat  are  saponified  with  alcoholic  alkali  and  after  evapora- 
tion of  the  alcohol,  acidified  with  acetic  acid,  and  the  fatty  acids  separated  in 
the  customary  manner.  A  part  of  the  glycerine 
solution  (not  more  than  5  c.c,  since  otherwise 
the  hydriodic  acid  will  be  too  much  diluted)  is 
put  into  the  flask  A  of  the  apparatus  (Fig.  HI), 
together  with  some  pumice  stone  and  15  c.c.  of 
hydriodic  acid  (sp.  gr.  1.9);  in  the  examination 
of  dry  substances  (in  which  case  only  enough 
should  be  taken  to  give  0.4  gram  of  Agl)  a  58 
per  cent  acid  of  specific  gravity  1.7  may  be 
used.  The  apparatus  is  immediately  connected 
and  a  stream  of  carbon  dioxide  run  through  the 
tube  a  at  the  rate  of  3  bubbles  per  second;  the 
flask  is  gently  heated  by  means  of  a  glycerine 
bath,  the  distillate  passing  through  B  which 
contains  5  c.c.  of  water  and  0.5  gram  of  red 
phosphorus  to  remove  hydriodic  acid  and  iodine 
from  the  distillate.  The  phosphorus  should 
have  been  previously  washed  free  from  im- 
purities by  treatment  with  carbon  bisulphide, 
ether,  alcohol  and  water.  The  purified  isopro- 
pyl iodide  passes  into  the  wash  bottle  containing 
45  c.c.  of  the  silver  nitrate  and  here  the  silver 

iodide  separates;  a  safety  flask  with  5  c.c.  of  silver  nitrate  solution  is 
attached  (D).  The  silver  nitrate  solution  is  prepared  by  dissolving  40 
grams  of  fused  silver  nitrate  in  100  c.c.  of  water  and  then  diluting  to  1  liter 

*  Zeit.  f.  angew.  Chem.,  18,  294  (1905). 

t  Landsberger,  Chem.  Rev.,  12,  150  (1905). 

t  Zeit.  f.  d.  Landwirt.  Versuchswesen  in  Oesterreich,  5,  729  (1902). 


Fig.  111. 
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with  absolute  alcohol;  it  should  be  filtered  after  24  hours  and  also  before  use. 
The  distillation  lasts  2-4  hours;  the  end  point  is  determined  by  changing  the 
silver  nitrate  solution.  To  determine  the  amount  of  silver  iodide  formed,  the 
material  is  washed  into  a  beaker,  diluted  to  450  c.c,  10-15  drops  of  nitric  acid 
added  and  the  analysis  then  carried  on  in  the  usual  manner.  The  amount  of 
silver  iodide  multiplied  by  0.3922  gives  the  weight  of  glycerol  present. 

Sulphur  compounds,  alcohols,  esters  and  ethers,  in  so  far  as  they 
form  volatile  iodides,  interfere  with  the  determination  and  must 
therefore  be  removed  by  extraction  with  the  proper  solvents; 
sulphates  are  prevented  from  interfering  by  treatment  with  barium 
acetate. 

Lewkowitsch  *  considered  the  method  inexact,  but  F.  Schulze  f 
was  able  to  get  very  accurate  results  with  it;  in  Austria  it  has  beeil 
much  used  commercially. 

The  disadvantages  of  the  method  (use  of  large  amounts  of  fat 
and  hydriodic  acid,  use  of  alcoholic  alkali  and  therefore  the  errors 
caused  by  alcohol)  are  overcome  by  the  following  modification  of 
Willstatter  and  Madinaveitia:  t 

About  0.2  gram  of  the  glyceride  is  weighed  into  the  generating  flask  and 
10  c.c.  of  hydriodic  acid  of  1.8  specific  gravity  added;  by  warming  the  bath 
up  to  100-115°  the  reaction  begins  as  is  shown  by  the  precipitation  of  silver 
iodide  in  the  wash  bottle.  The  temperature  is  kept  constant  for  40  minutes,  or 
till  the  solution  has  cleared;  the  temperature  is  then  raised  to  135°  and  kept  at 
that  point  for  an  hour. 

This  method  avoids  the  use  of  large  amounts  of  fat  and  saponi- 
fication is  unnecessary;  the  results  as  obtained  are  somewhat 
lower  than  those  obtained  by  the  Zeisel-Fanto  method. 

Physical  Constants  of  Pure  Glycerol 

Specific  gravity  at  15° 1.2653 

Coefficient  of  expansion 0.00062 

Index  of  refraction  at  20° 1.4729 

°C. 

Boiling  point  at  760  mm.  pressure 290 

Boiling  point  at     50  mm.  pressure 210 

Boiling  point  at     12.5  mm.  pressure 179.5 

Boiling  point  at     10  mm.  pressure 162-163 

Boiling  point  at      0. 25  mm.  pressure 143 

*  Analysis,  I,  311. 

t  Chem.  Ztg.,  29,  976  (1905). 

t  Ber.,  46,  2825  (1912). 
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TABLE  86 

Specific  Gravity  and  Index  of  Refraction  of  Glycerine  in  Aqueous 

Solution  * 


3« 


100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 


OD  bi^J 


.2691 
.2664 
.2637 
.2610 
.2584 
.2557 
.2531 
.2504 
.2478 
.2451 
.2425 
.2398 
.2372 
.2345 
.2318 
.2292 
.2265 
.2238 
.2212 
.2185 
.2159 
.2122 
.2106 
.2079 
.2046 
.2016 


%  a» 

5*001 


1.4758 
1.4744 
1.4729 
1.4715 
1.4700 
1.4686 
1.4671 
1.4657 
1.4642 
1.4628 
1.4613 
1.4598 
1.4584 
1.4569 
1.4555 
1.4540 
1.4525 
1.4511 
1.4496 
1.4482 
1.4467 
1.4453 
1.4438 
1.4424 
1.4409 
1.4395 


3^ 

*6 


74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


••a  "^O 

00  M«? 


.1999 
.1973 
.1945 
.1918 
.1889 
.1858 
.1826 
.1795 
.1764 
.1733 
.1702 
.1671 
.1640 
.1610 
.1582 
.1556 
.1530 
.1505 
.1480 
.1455 
.1430 
.1403 
.1375 
.1348 
.1320 


>    ? 

8t3N 
*•  AT* 


1.4380 
1.4366 
1.4352 
1.4337 
1.4321 
1.4304 
1.4286 
1.4267 
1.4249 
1.4231 
1.4213 
1.4195 
1.4176 
1.4158 
1.4140 
1.4126 
1.4114 
1.4102 
1.4091 
1.4079 
1.4065 
1,4051 
1.4036 
1.4022 
1.4007 


Is 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 


is- 


.1293 
.1265 
.1238 
.1210 
.1183 
.1155 
.1127 
.1100 
.1072 
.1045 
.1017 
.0989 
.0962 
.0934 
.0907 
.0880 
.0852 
.0825 
.0798 
.0771 
.0744 
.0716 
.0689 
.0663 
.0635 


-J) 

«4 


2 


1.3993 
1.3979 
1.3964 
1.3950 
1.3935 
1.3921 
1.3906 
1.3890 
1.3875 
1.3860 
1.3844 
1.3829 
1.3813 
1.3799 
1.3785 
1.3772 
1.3758 
1.3745 
1.3732 
1.3719 
1.3706 
1.3692 
1.3679 
1.3666 
1.3652 


«I 


24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


CO  M*>» 


.0608 
.0580 
.0553 
.0525 
.0498 
.0471 
.0446 
.0422 
.0398 
.0374 
.0349 
.0332 
.0297 
.0271 
.0245 
.0221 
.0196 
.0172 
.0147 
.0123 
.0098 
.0074 
.0049 
.0025 
.0000 


t    ? 


1 


•ON 


1.3639 
1.3626 
1.3612 
1.3599 
1.3585 
1.3572 
1.3559 
1.3546 
1.3533 
1.3520 
1.3507 
1.3494 
1.3480 
1.3467 
1.3454 
1.3442 
1.3430 
1.3417 
1.3405 
1.3392 


3380 
3367 
3355 
3342 
3330 


*  Lunge-Ber!.,  Bd.  Ill,  783. 


Specification  for  Glycerine  for  Artillery  Purposes 

Imperial  Wharves,  Wilhelmshaven 

The  glycerine  must  be  clear,  colorless  and  odorless,  sweet,  neutral  and  with- 
out free  acid,  and  should  have  a  specific  gravity  of  1.151  to  1.157  at  15°.  If  1 
c.c.  of  glycerine  is  mixed  with  3  c.c.  of  stannous  chloride  solution,  the  mixture 
must  not  assume  a  dark  color  in  the  course  of  an  hour.  Diluted  with  5  parts 
of  water  the  glycerine  must  not  react  with  hydrogen  sulphide,  ammonium  ox- 
alate, barium  nitrate  or  calcium  chloride;  only  a  faint  cloudiness  should  be 
given  with  silver  nitrate.  Five  c.c.  heated  to  boiling  in  an  open  dish  and  ig- 
nited should  leave  only  a  dark  residue  which  completely  disappears  on  stronger 
heating.  A  mixture  of  1  gram  glycerine  and  1  c.c.  of  an  ammonia  solution 
heated  to  60°  in  a  water  bath  and  then  treated  with  3  drops  of  silver  nitrate 
solution  should  after  5  minutes  show  neither  a  coloration  nor  a  brown  precipi- 
tate.   One  c.c.  of  glycerine  warmed  with  1  c.c.  of  sodium  hydroxide  should 
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not  become  colored  or  develop  an  odor  of  ammonia  or  of  glue;  1  c.c.  gently 
warmed  with  1  c.c.  of  sulphuric  acid  should  not  develop  an  unpleasant  odor. 

For  dynamite  glycerine  the  following  test  is  described  by  Heller:  * 

Twenty-five  grams  of  glycerine  are  run  drop  by  drop  into  a  beaker  (12  cm. 
high,  8  cm.  wide)  containing  150  grams  of  mixed  acids  (1  part  by  weight  of 
fuming  nitric,  specific  gravity  1.5  and  2  parts  of  cone,  sulphuric  acid,  specific 
gravity  1.845);  the  temperature  should  not  rise  above  30°  and  should  prefer- 
ably be  kept  under  20°.  After  nitration,  the  mixture  is  transferred  to  a  dry, 
narrow  graduated  cylinder  and  carefully  observed  to  see  if  the  separation  of 
the  layers  takes  place  rapidly  or  at  most  within  10  minutes  and  if  the  surface 
of  separation  is  bright  or  not. 

F.  Wool  Oils 
I.  General 

Under  wool  oils  are  understood  all  those  oils  used  by  manu- 
facturers of  woolens  for  oiling  wool  before  spinning  or  rags  before 
pulling.  As  such  are  used  fatty  oils,  oleic  acid  and  also  emul- 
sions of  oil  and  oleic  acid  with  small  amounts  of  ammonia  or  soda 
in  water,  also  turkey-red  oils  and  soaps.  With  less  valuable 
materials,  the  fatty  oils  may  in  part  be  replaced  by  mineral  oils. 
Wool-fat  oleins  containing  much  unsaponifiable  matter  and  the 
so-called  water-soluble  mineral  oils  are  some  of  the  less  valuable 
wool  oils  used. 

II.  Requirements 

Good  oils  should  be  capable  of  being  easily  removed  from  the 
fibers  in  the  scouring  process  and  should,  during  storage  and  work- 
ing of  the  oiled  material,  develop  as  little  heat  as  possible. 

The  best  wool  oils  are  the  non-drying  fatty  oils,  such  as  olive, 
lard  and  bone  oils;  oleic  acid  (olein)  is  also  easily  removed  and  is 
not  likely  to  warm  up,  but  is  apt  to  attack  the  metal  of  the  scrib- 
blers, which  is  likely  later  to  cause  spots  in  the  fabric.  Mineral 
oils,  rosin  and  rosin  oils  are  hard  to  remove  and  cause  streakiness 
and  spots  in  the  goods  for  that  reason;  the  same  is  true  of  semi- 
drying  and  drying  oils,  which  also  are  liable  to  spontaneous  com- 
bustion or  likely  to  develop  heat  in  the  carding  operations. 

III.  Inflammability 

According  to  the  above,  the  examination  should  include  only 
the  composition  (see  page  325  and  following  and  380)  and  inflam- 

*  Einheitsmethoden,  89. 
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inability.     To  determine  the  latter  the  flash  point  is  taken  accord- 
ing to  page  133;  there  is  also  determined  the  rise  in  temperature 
caused  by  the  spontaneous  oxidation  of  the  oil 
spread  over  cotton.    For  this  test  the  ap-  ■ 
paratus  of  Fig.  1 12,  as  described  by  Mackey,* 


The  apparatus  consists  of  a  metal  air  bath  L  heated 
by  a  water  bath;  through  the  cover  is  inserted  a 
thermometer  and  two  tubes  A  and  B  for  leading  air  in 
and  out.  A  wire  gauze  cylinder  C  is  filled  with  7  grams 
of  cotton  which  has  14  grams  of  oil  distributed  over  its 
surface;  the  bulb  is  covered  with  cotton.  The  water 
bath  is  then  kept  at  the  boiling  temperature  for  one 
hour;  the  temperature  of  the  cotton  is  then  observed. 
Moisture  is  to  be  carefully  excluded.  If  the  tempera- 
ture is  above  100°,  the  oil  may  be  considered  as  danger- 
ous. With  very  dangerous  oils,  the  temperature  may 
rise  to  200°  within  45  minutes;  in  cose  the  temperature 
does  rise  above  160",  it  is  advisable  to  pull  out  the 
thermometer  since  the  cotton  catches  fire  very  easily.  Fig.  112. 

In  Table  87  are  given  some  of  the  rises  of  tempera- 
ture determined  by  Mackey.    Since  the  method  is  a  comparison  one,  the 
directions  must  be  carefully  followed. 


Hubatuee 

Temperatur«  *C.ifMr 

Ihr. 

1  hr.  It  min. 

1  hr.  10  min. 

112-139 
97-99 
98-103 

102 

99 
90 

177-242 
100-102 
99-115 

117 
105 
102 

Mixture  of  50  per  cent  cottonseed  1 
and  50  per  cent  olive  oil. . .  t 

Mixture  of  25  per  cent  cottonseed  I 
and  75 per  cent  olive  oil...  t 

Mixture  of  10  per  cent  cottonseed! 
and  90  per  cent  olive  oil. .  .  ( 

UM) 

112 

105 

Other  forms  of  apparatus  have  been  described.!    For  wool-fat 
oleins  see  page  445. 

*  Jour.  Soc.  Chem.  Ind.,  1896,  99. 

t  Dennstedt,  Die  Chemie  in  der  Rechtspflege,  207. 
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G.  Turkey-red  Oils 
I.  General 

To  prepare  turkey-red  oils,*  castor  oil  is  treated  with  cone, 
sulphuric  acid  below  35°  and,  after  freeing  the  product  from  excess 
acid  by  washing  with  water  and  a  solution  of  sodium  sulphate, 
ammonia  or  soda  is  added  till  a  sample  gives  a  complete  emulsion 
with  water.  In  this  way  is  obtained  a  yellow  to  brown  colored 
oil  which,  according  to  the  amount  of  alkali  present,  is  soluble 
clear,  or  as  an  emulsion,  and  is  used  in  dyeing  and  printing  cotton 
with  alizarin. 

According  to  a  new  method  f  turkey-red  oils  are  prepared  from 
castor  oil  or  other  esters  of  ricinoleic  acid  by  treatment  in  solution 
or  suspension  with  chlorsulphonic  acid,  the  product  being  dissolved 
in  water  and  then  neutralized;  in  this  way  not  only  castor  oils 
but  also  acid  olive  oils  (tournant  oils)  are  transformed  into  turkey- 
red  oils  with  a  high  content  of  sulphuric  acid  esters. 

II.  Composition 

The  main  components  of  the  mixture  are  alkali  salts  of  ricin- 
oleic and  of  ricinoleo-sulphuric  acid,  besides  some  neutral  fat  and 
perhaps  anhydrides  of  the  ricinoleic  acid;  The  ricinoleo-sulphuric 
is  formed  by  the  union  of  sulphuric  acid  with  the  ricinoleic  acid 
split  from  the  castor  oil,  water  being  eliminated: 

CigHaaOa  •  OH  +  H2S04  ->  CisHaO* .  OSO»H  +  H20. 

It  is  miscible  with  water  in  all  proportions;  the  aqueous  solution 
will  lather  like  soap  solution.  The  acid  is  precipitated  from 
aqueous  solution  by  sodium  chloride  (or  hydrochloric  or  sulphuric 
acid  solutions)  in  the  form  of  a  heavy  oil  (sp.  gr.  greater  than  1). 
By  boiling  with  water  or  alkali  the  ricinoleo-sulphuric  acid  is  not 
at  all  or  only  slightly  attacked,  but  it  is  easily  split  into  its  compo- 
nents by  heating  with  dilute  mineral  acid.  Ricinoleic  acid  is  in- 
soluble in  water;  its  specific  gravity  is  less  than  1.  The  acids 
separated  from  a  turkey-red  oil  are  denser  in  proportion  to  the 
amount  the  castor  oil  was  sulphonated.  On  shaking  with  water, 
they  form  permanent  emulsions  as  do  the  so-called  water-soluble 

*  See  Benedikt-Ulzer,  359,  for  literature. 

t  A.  Grün,  Ger.  Patent,  260,  748,  Mar.  29,  1911. 
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mineral  oils;  from  the  emulsion,  the  ricinoleic  acid,  which  causes 
the  cloudiness,  can  be  extracted  with  ethyl  ether. 

The  turkey-red  oils  obtained  from  olive,  peanut  and  cottonseed 
oils  and  from  oleic  acid  are  in  general  considered  less  valuable. 

III.  Testing 

(a)  Solubility.  The  sample  must  be  soluble  clear  in  a  small  amount  of 
warm  water  and  should  form  a  permanent  emulsion  with  10  volumes  of  water. 
A  comparison  test  is  made  with  a  standard  oil  of  known  purity.  Both  samples 
must  react  faintly  acid  towards  litmus,  otherwise  they  must  be  acidified  with 
acetic  acid.  Good  oils  will  be  completely  soluble  in  dilute  ammonia!  the  solu- 
tions remaining  clear  on  the  addition  of  much  water. 

(6)  Dyeing  Test.  This  is  an  important  test  which  should 
however  be  undertaken  only  by  an  expert;  two  similar  pieces  of 
cotton  are  soaked  in  a  faintly  alkaline  solution  of  the  oil  in  10-20 
parts  of  water  (one  in  the  sample,  one  in  a  comparison  oil),  dried, 
mordanted  with  aluminum  acetate  and  dyed  with  alizarin  or 
printed  with  paranitranilin  red;  the  colors  are  then  finished  by 
soaping  and  treatment  in  the  usual  manner.  The  sample  and  the 
known  oil  are  thus  compared. 

(c)  The  Total  Fatty  Matter  determines  to  a  large  degree  the 
value  of  a  turkey-red  oil.  This  value  includes  fatty  acids,  hydroxy- 
acids  originally  present  in  the  oil  or  separated  from  the  fatty  sul- 
phuric acids  on  heating  with  mineral  acids,  as  well  as  neutral  fat. 

1.  Benedikts  Method.  Four  grams  of  oil  in  20  c.c.  of  water  (if  turbid, 
ammonia  is  added  to  faint  alkalinity,  are  treated  with  15  c.c.  of  (1 : 1)  sulphu- 
ric acid  and  8  grams  of  stearic  acid  and  heated  just  to  boiling  to  separate  the 
fat;  on  cooling,  the  cake  is  washed  free  from  mineral  acid.  From  the  weight 
of  the  residue  the  weight  of  the  added  stearic  acid  is  subtracted. 

2.  Volumetrically  According  to  Finsler.  A  solution  of  30  grams  oil  in 
50  c.c«  water  is  put  into  a  200  c.c.  flask,  the  neck  of  which  has  J  and  ^  c.c. 
graduations,  the  volume  made  up  to  100  c.c;  the  mixture  is  then  heated  to 
boiling,  after  adding  25  c.c.  of  65  per  cent  sulphuric  acid.  If  the  separated  fat 
is  quite  clear,  saturated  salt  solution  is  added  till  the  layer  of  fat  has  risen  to 
the  neck,  and  after  i  hour  the  volume  is  read  off.  Assuming  the  average 
specific  gravity  to  be  0.945  the  per  cent  of  fat  is  obtained  by  multiplication  of 
the  number  of  c.c.  by  the  product  (3.33)  (0.945).  A  disadvantage  of  the 
method  is  the  fact  that  the  two  layers  do  not  completely  separate,  the  devia- 
tions in  results  being  as  much  as  1  per  cent. 

3.  According  to  Herbig  *  the  following  method  has  been  found 
satisfactory: 

*  Chem.  Rev.,  18,  243  (1906). 
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Ten  grams  of  oil  in  50  c.c.  of  water  are  treated  with  25  c.c.  of  dilute  hydro- 
chloric acid  and  boiled  for  5  minutes.  The  mixture  is  then  shaken  with 
ether  in  a  separatory  funnel  (ether  layer  200  c.c.)  and  washed  three  times  with 
15  c.c.  portions  of  water.  The  soluble  fat  and  glycerine  are  determined  in  the 
wash  water;  the  insoluble  fat  is  found  in  the  ether  layer. 

(d)  Nature  of  the  Oil.  The  iodine  and  the  acetyl  values  of  the 
total  fat  found  in  (c)  are  determined;  if  the  first  is  not  decidedly 
under  70  while  the  latter  is  140  or  higher  (Lewkowitsch  gives  125 
as  the  lower  limit),  a  pure  turkey-red  oil  is  under  examination. 

Only  in  the  more  exact  examinations  should  the  following  tests 
be  undertaken: 

(e)  Neutral  Fat  Thirty  grams  of  oil  are  dissolved  in  50  c.c.  of  water,  20]c.c. 
of  ammonia  and  30  c.c.  of  glycerine  added,  and  the  mixture  then  twice  extracted 
with  100  c.c.  portions  of  ether.  The  ether  solution  is  washed  with  water,  then 
distilled,  the  residue  being  weighed  after  drying  at  100°. 

(/)  Fatty  Sulphonated  Acids.  According  to  Herbig  4  grams  of  the  sample 
and  30  c.c.  of  hydrochloric  acid  (1 : 5)  are  boiled  under  a  reflux  condenser  for  40 
minutes,  shaking  frequently;  the  clear  layers  are  then  separated  on  cooling  by 
extraction  of  the  fat  layer  with  ethyl  ether,  the  ether  solution  being  then  washed 
free  from  mineral  acid.  In  the  aqueous  layer  to  which  have  been  added  the 
wash  waters,  the  sulphuric  acid  is  determined  by  precipitation  with  barium 
chloride.  From  this  the  amount  of  sulphuric  acid  determined  in  (A)  is  sub- 
tracted; the  rest  is  calculated  as  ricinoleo-sulphuric  acid  (80  parts  of  sulphuric 
acid  are  equivalent  to  378  parts  of  the  ricinoleo-sulphuric  acid). 

(g)  Ammonia  and  Caustic  Soda.  To  be  determined  by  extraction  of  10 
grams  of  oil  with  dilute  sulphuric  acid  and  estimation  in  the  usual  manner 
(see  page  260). 

(A)  Sulphuric  Acid  United  to  Alkali.  10  grams  of  oil  are  shaken  with  a  few 
c.c.  of  cone,  salt  solution;  in  the  united  clear  solutions,  the  sulphuric  acid  is 
determined. 

The  following  shows  the  composition  of  a  good  turkey-red  oil: 


Percent 

The  water-soluble  part  of  the  fat . 

Insoluble  part  {%£}& 

Total  fat 

9.5 

1.3 

47.2 

58.0 
1.8 
4.6 

Ammonia 

Total  sulphuric  acid 

H.  BOILED  OILS 


These  are  obtained:  I.  By  heating  for  several  hours  ("boiling") 
linseed  oil  to  200-260°  in  the  presence  of  inorganic  lead  or  man- 
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ganese  compounds  (litharge,  red  lead,  oxides  of  manganese,  man- 
ganese borate). 

II.  By  solution  of  1-3  per  cent  of  siccative  organic  salts  in  lin- 
seed oil  at  120-150°,  air  being  blown  in  at  the  same  time.  These 
siccatives  are  also  dissolved  in  turpentine  and  added  to  the  cold 
oil.  As  siccatives  are  used  manganese  rosinate  and  linoleate,  as 
well  as  the  lead  and  mangano-lead  salts  of  these  acids  which  often 
are  the  cause  of  a  yellow  or  red  tinge  appearing.  Recently  cobalt 
linoleate,  rosinate  and  acetate  have  been  used  since  they  not  only 
increase  the  drying  power  but  also  exert  a  bleaching  effect  on  the 
varnishes.  In  many  instances  zinc  rosinate  is  used  as  well  as  salts 
of  wood-oil  and  perilla-oil  acids. 

III.  By  the  action  of  electrolytic  (ozonized)  oxygen  on  heated 
linseed  oil,  products  are  formed  free  from  siccatives. 

IV.  Lithographic  varnishes  are  obtained  by  heating  linseed 
oil  to  250-300°  in  the  absence  of  air  and  without  the  addition  of 
any  drying  agents.  The  longer  the  oil  is  heated,  the  more  viscous 
it  becomes,  the  greater  will  be  its  specific  gravity  (up  to  0.99),  and 
the  lower  will  be  its  iodine  value  (down  to  85) ;  finally  it  takes  on  a 
green  fluorescence.  The  more  the  oil  is  heated,  the  more  will  its 
drying  properties  decrease;  the  glycerides  largely  polymerize  and 
therefore  can  absorb  only  a  little  oxygen.  Free  fatty  acids,  and 
those  liberated,  are  changed  to  anhydrides  during  the  boiling. 

EXAMINATION 

Rosin,  rosin  oils,  mineral  oils,  fish  oils  and  similar  oils  are  used 
as  substitutes  for,  or  to  adulterate,  boiled  oils;  soja  bean  oil  is  also 
added;  however,  only  a  mixture  of  3  parts  of  boiled  linseed  oil  and 
1  part  of  soja  bean  oil  gives  a  usable  product.  The  following  are 
the  most  important  tests: 

(a)  Drying  Test.  One  drop  of  the  oil  is  rubbed  with  the  finger  over  a 
5  by  10  cm.  glass  plate.  Good  oil  will  be  quite  dry  after  12  hours,  often  how- 
ever, somewhat  sticky,  but  completely  dry  after  24  hours.  Poor  drying  points 
to  the  presence  of  adulterations  or  of  raw  linseed  oil. 

(b)  The  Specific  Gravity,  as  a  rule,  lies  between  0.935  and  0.948. 
Mineral  oils,  fish  oils  and  other  fatty  oils  lower  the  specific  gravity, 
while  rosin  oils  increase  it;  thick  boiled  oils  may  have  a  specific 
gravity  as  high  as  0.99  (sometimes  higher). 

(c)  Iodine  Value.  150  to  172  is  the  ordinary  range;  the  value  is 
lower  the  longer  the  heating  and  the  longer  the  action  of  oxygen. 
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A  low  iodine  value  is  generally  found  in  dark  oils;  the  highest 
values  in  light-colored  oils  are  in  general  found  in  those  oils  pre- 
pared at  lower  temperatures.  With  very  thick  boiled  oils  the 
iodine  value  may  drop  to  70.  Regarding  the  hexabromide  value 
of  linseed  oils  and  boiled  oils  see  page  354. 

(d)  Saponification  Value.  190  to  195  as  in  the  case  of  linseed 
oil  itself. 

(e)  Unsaponifiable  Matter.  The  natural  amount  present  in 
linseed  oil  (about  one  per  cent)  is  not  increased  by  boiling.  See 
page  326  for  its  qualitative  detection  and  page  161  for  the  quanti- 
tative determination.  In  doubtful  cases  the  iodine  value  of  the 
unsaponifiable  matter  is  determined;  the  natural  unsaponifiables 
(phytosterin,  etc.)  have  a  value  between  60  and  70.  The  Mor- 
awski  qualitative  test  for  rosin  oil  (page  147)  is  unreliable  since 
pure  boiled  oils  give  a  similar  color  reaction. 

Besides  rosin  oil  and  heavy  mineral  oils,  turpentine  oil  or  mixtures  of  naph- 
tha or  kerosene  with  a  little  turpentine  are  added  to  boiled  oils.  In  this  case 
the  method  of  Spitz  and  Honig  would  give  too  low  results  for  unsaponifiable 
matter,  because  of  evaporation;  the  correct  value  can  be  calculated  from  the 
saponification  value.  The  volatile  oils  can  be  directly  determined  by  distil- 
lation over  a  free  flame  or  by  distillation  with  steam;  in  the  distillate  the  tur- 
pentine or  naphtha  can  be  detected  by  odor,  optical  rotatory  power,  bromine 
absorption  and  tests  given  on  page  420. 

if)  Siccatives.  By  extraction  of  an  ether  solution  of  the  oil  with  dilute 
nitric  acid  and  examining  the  acid  extract,  or  by  ashing  a  sample  and  analyz- 
ing this,  the  basic  radicals  present  may  be  determined.  Lead  and  manganese 
occur  most  frequently;  cobalt,  zinc,  calcium  less  often.  Manganese  is  deter- 
mined easily  by  fusion  with  a  mixture  of  sodium  carbonate  and  nitrate  (green 
color) .  Quantitative  determination  is  generally  unnecessary.  If  the  quantity 
is  to  be  determined,  20  grams  of  oil  in  50  c.c.  ether,  in  the  presence  of  methyl 
orange  and  water  (30  c.c),  is  treated  hot  with  N/2  hydrochloric  acid  drop  by 
drop  until  after  continued  shaking  the  aqueous  layer  remains  red.  From  the 
amount  of  acid  used  the  amount  of  siccative  salt  can  be  calculated  (the  molec- 
ular weight  of  the  rosin  acids  is  taken  as  346)  the  acids  being  assumed  mono- 
basic. 

(g)  Free  Add  is  determined  in  connection  with  (/).  The  ether  solution 
and  the  aqueous  layer  just  acidified  with  hydrochloric  acid  is  titrated  after 
adding  alcohol  and  Phenolphthalein.  From  the  amount  of  sodium  hydroxide 
used  the  quantity  equivalent  to  the  hydrochloric  acid  used  (in  f)  is  subtracted; 
the  difference  corresponds  to  the  amount  of  free  organic  acid  present  in  the 
boiled  oil.  In  direct  titration  of  the  oil  with  sodium  hydroxide  an  error  may 
arise  in  that  the  sodium  hydroxide  may  not  only  unite  with  the  free  acid  but 
may  decompose  some  of  the  siccative  salts. 
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(A)  Rosin.  Small  amounts  of  free  rosin  can  be  detected,  in 
oils  prepared  by  the  addition  of  salts  of  rosin  acids,  by  extraction 
with  70  per  cent  alcohol  (page  147) ;  only  when,  by  this  method, 
considerable  amounts  of  resinous  extract  are  obtained,  does  it 
point*  to  adulteration  with  rosin.  Since  manganese  and  lead  rosi- 
nates  are  somewhat  soluble  in  70  per  cent  alcohol,  .their  amount  is 
to  be  determined  by  ashing  the  extract  or  titration  with  N/2 
hydrochloric  acid,  and  deducted  from  the  amount  of  rosin  found. 
A  large  amount  is  made  evident  in  the  acid  determination;  rosin- 
free  boiled  oils  seldom  have  an  acidity  of  more  than  12  and  generally 
only  7.  Free  rosin  raises  the  acidity  considerably.  See  page  147 
for  quantitative  determination.  The  Morawski  test  is  not  always 
reliable  (see  (c)  above,  also  page  367). 

EXAMPLE 

An  oil  was  to  be  tested  to  determine  if  it  was  a  raw  or  a  boiled 
oil,  and  if  free  from  additions. 

The  oil  had  the  odor  of  linseed  oil,  was  yellow,  mobile,  cloudy;  specific 
gravity  at  15°,  0.9376.  Unsaponifiable  matter  absent.  Water  present  caused 
the  turbidity,  it  disappearing  on  warming  but  reappearing  on  cooling.  Waller 
iodine  value,  166;  saponification  value,  197.  Siccative,  about  2  per  cent  of 
mangano-lead  rosinate.  After  15  hours  at  room  temperature  it  was  dry;  after 
2  hours  at  50°,  it  dried  to  a  solid  non-eticky  covering.  The  material  was  evi- 
dently a  boiled  oil  prepared  by  gentle  warming  and  with  the  addition  of  2  per 
cent  of  mangano-lead  rosinate.    Additions  absent. 

The  acid  value  of  10  oils  of  normal  composition  tested  in  the  Kgl. 
Materialprüfungsamt  gave  values  between  1.2  and  3.6  calculated 
as  oleic  acid  (or  2.4  to  7.3,  as  acid  value).  Two  oils  containing 
free  rosin  had  an  acid  value  of  14.6  and  14.8  (equivalent  to  7.3 
and  7.4  per  cent  oleic  acid),  corresponding  to  9.4  and  9.5  per  cent 
of  rosin  calculated  as  colophony. 

L  PAINTS  AND  PUTTY 

Boiled  oils  are  used  principally  in  paints  and  putty.  To  prepare 
the  paint,  an  inorganic  pigment  is  ground  up  with  drying  fatty 
oils,  such  as  linseed,  boiled  oil,  poppy-seed  oil,  rosin  oil,  etc.  Putty 
is  prepared  by  mixing  finely-ground  chalk  with  boiled  oil,  or  a  sub- 
stitute; sometimes  graphite,  pyrolusite,  red  lead  or  even  asphalt 
(D.  R.  P.  154,220)  may  be  added. 

In  testing,  the  oil  must  first  be  separated  from  the  pigment  by 
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extraction  with  successive  portions  of  ether  by  decantation,  or, 
if  the  pigment  does  not  settle  easily,  petroleum  ether  is  used;  the 
liquid  is  poured  through  a  filter  paper.  The  siccative  can  then  be 
extracted  with  ether.  A  clear  separation  of  pigment  and  oil  is 
obtained  by  use  of  a  centrifuge.* 

The  examination  of  the  oily  portion  is  made  as  described  under 
oil  varnishes  on  page  428.  If  a  volatile  solvent  is  present  in  the 
paint  (turpentine)  this  is  separated  by  distillation  with  steam,  the 
distillate  being  examined  by  itself.  The  residue  is  sucked  dry  and 
free  from  water  and  then  treated  with  ether  as  described.  To 
examine  putty  containing  asphalt,  the  undried  linseed  oil  is  ex- 
tracted, the  asphalt  then  removed  by  treatment  with  chloroform 
and  the  residue  dissolved  with  warm  alcoholic  potash,  which  dis- 
solves the  insoluble  oxidation  products  of  linseed  oil.  The  testing 
of  the  separated  components  is  then  carried  on  as  described 
previously. 

J.  Varnishes  and  Components 

Spirit  varnishes  are  solutions  of  different  resins,  such  as  shellac, 
copal,  amber,  asphalt,  colophony  and  salts  of  rosin  acids  in  volatile 
solvents,  like  alcohol,  turpentine,  amyl  alcohol,  amyl  acetate,  ace- 
tone, naphtha  and  coal-tar  oils;  oil  varnishes  contain,  besides  the 
substances  mentioned,  linseed  oil  or  boiled  oil,  rosin  oil,  etc. 

The  chemical  examination  of  such  varnishes  is  often  very  diffi- 
cult, since  the  methods  for  the  varied  substances,  in  the  presence 
of  each  other,  are  inadequate;  the  resins  are  often  not  present  in 
their  original  condition,  because  of  previous  prolonged  heating. 
A  method  of  analysis  applicable  to  all  cases  cannot  be  given. 

I.  Mechanical  Testing 

The  drying  power  of  a  varnish  or  the  hardness  in  thin  films  is 
tested  in  the  Clemens  apparatus  (Fig.  113).  The  scratches  or 
marks  made  by  the  knife  edge  on  the  dried  varnish  are  examined. 
The  material  is  judged  by  the  character  of  the  marks  (splintering, 
etc.)  and  by  the  size  of  the  weight  which  must  be  applied  to  cause 
the  marks. 

II.  Chemical  Examination 

A  large  sample  (50-100  grams)  is  distilled  with  steam  till  no 
more  oil  passes;  the  distillate  can  be  caught  in  a  flask  (shown  in 

*  To  be  obtained  from  Vereinigite  Fabriken  Laboratoriumsbedarf,  Berlin. 
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Fig.  90,  page  221)  of  1  liter  capacity  and  with  graduated  neck,  the 
volume  being  read  directly;  or  it  may  be  caught  in  a  separatory 
funnel,  sodium  chloride  added,  to  allow  an  easier  separation  of  the 
two  layers,  the  oily  layer  being  filtered  through  a  dry  filter  and  then 
weighed.  The  examination  of  the  varnish  then  will  consist  of  the 
testing  of  the  distillate  and  the  residue.  If  acetone  or  alcohol  is 
present  in  the  varnish,  these  being  soluble  in  water,  a  separation 
is  made  by  direct  heating  instead  of  by  steam  distillation,  the 


Fig.  113. 

material  being  heated  to  about  200°  in  an  oil  bath.  A  higher 
temperature  should  be  avoided  to  prevent  decomposition  of  lin- 
seed oil,  etc. 

(a)  The  Volatile  Solvent  Alcohol  and  acetone  differ  from  the 
other  volatile  solvents  present  in  varnishes  in  being  soluble  in 
water;  alcohol  is  recognized  by  the  iodoform  test  (page  198).  Ace- 
tone can  be  detected  through  its  boiling  point,  or  by  its  reaction 
with  hydroxylamine  or  with  Phenylhydrazine.  Amyl  alcohol  and 
acetate  are  recognized  by  their  characteristic  odors,  the  latter  by 
forming  acetic  acid  on  saponification. 

The  most  important  solvent  for  varnishes  is  turpentine,  which  is 
generally  obtained  by  steam  distillation  of  the  gum  of  conifers. 
Recently  by  dry  distillation  of  pine  wood  in  Finland  there 
has  been  obtained  a  pine  oil  together  with  some  tar.  Waste  wood 
(stumps,  mill  waste,  etc.)  is  used  in  the  United  States  to  make 
wood  turpentine;  it  may  be  obtained  by  destructive  distilla- 
tion, distillation  with  steam,  by  extraction  with  solvents  or  with 
alkalies.4' 

American  turpentine  consists  almost  entirely  of  pinene  C10Hlfi; 

*  See  Ü.  S.  Bureau  of  Chemistry  (Dept.  of  Agric.)  Bulletin,  U4, 1911. 
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it  is  generally  dextrorotatory,  sometimes  faintly  laevo,  depending 
upon  the  origin  ([o\d  +  9°  to  +  14°  *).  The  French  oil  contains 
mainly  pinene  and  is  laevorotatory  ([a]o  —  20°  to  —  40°).  The 
destructively-distilled  wood  turpentine  contains  besides  pinene, 
dipentene,  pentane,  pentene,  toluol  and  heptine;  steamKÜstilled 
wood  turpentine  contains  mainly  pinene,  camphene,  limonene, 
dipentene  and  cymol. 

Pine  oil,  which  is  used  as  a  thinner  or  as  a  substitute  for  tur- 
pentine, is  similar  to  the  latter  but  has  a  very  unpleasant  odor;  it 
contains  besides  dextro-pinene  and  dipentene  mainly  sylvestrene 
CioHia  which  boils  higher  than  pinenfe  at  (170-180°)  and  is  dextro- 
rotatory ([<x]d  =+14°  to  +24°).  It  is  obtained  by  the  destruc- 
tive distillation  of  resinous  roots  of  conifers  in  eastern  Germany, 
Poland,  Finland  and  Sweden  and  is  rectified  over  calcium  hydroxide 
and  charcoal. 

Attempts  to  replace  the  more  expensive  turpentine  by  the 
cheaper  pine  oil  in  the  manufacture  of  synthetic  camphor  have 
been  unsuccessful. 

The  earlier  assumption  that  turpentine,  which  absorbs  oxygen 
easily,  must  contain  ozone  is  incorrect.  Hydrogen  peroxide  and 
organic  peroxides  have  been  detected.*  Camphor  peroxide  de- 
composes with  water  into  camphoric  acid  and  hydrogen  peroxide. 
Oxidized  turpentine  liberates  iodine  from  potassium  iodide,  which 
hydrogen  peroxide  cannot  do:  An  explanation  of  these  processes, 
which  are  of  importance  in  judging  of  the  ability  of  the  turpentine 
used  to  hasten  the  drying  of  the  varnish,  has  been  given  by  Engler 
and  Weisberg,  t 

The  following  properties  of  turpentine  oil  and  its  substitutes  (pine 
oil,  rosin  spirits,  high-boiling  petroleum  naphtha,  benzol  hydrocar- 
bons, such  as  solvent  naphtha  and  heavy  benzol,  carbon  tetrachloride 
and  other  chlorinated  hydrocarbons,  for  example,  perchlorethylene) 
are  sufficient  for  judging  of  the  purity  of  turpentine :§ 

1.  Specific  Gravity  of  pure  turpentine  at  15°  is  0.865  to  0.875, 
of  naphthas  of  boiling  point  100°  to  180°,  0.734-0.803  (of  Ameri- 

*  Kingzett,  Jour.  Soc.  Chem.  Ind.,  27,  511  (1874);  Gildermeister-Hofmann, 
Die  aetherischen  Oele,  1899,  320,  331. 

t  Ber.,  31,  3046  (1898). 

§  Marcusson,  Mitteilungen,  26,  157  (1908);  Chem.  Ztg.,  38,  966,978,985 
(1909);  84,  285  (1910);  36,  413  (1912).  Also  Herzfeld,  Ztschr.  f.  öffentl. 
Chem.,  1908,  454. 
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can  0.734,  Russian  0.770-0.789,  of  Galician  0.760-0.766,  of  Indian 
0.781-0.803),  of  petroleum  distillates  of  boiling  point  160-200°  not 
over  0.820,  of  benzol  0.885,  of  toluol  0.870,  of  zylol  0.868,  of  solvent 
naphtha  0.869-0.882,  of  heavy  benzol  0.920-0.945,  of  regenerated 
turpentine  0.856-0.874,  of  carbon  tetrachloride  1.4  and  of  pine  oil 
0.865-0.874.  The  coefficient  of  expansion  of  turpentine  oil  is  0.001 ; 
the  change  of  specific  gravity  with  one  degree  is  0.00085. 

2.  Boiling  Limits.  Pure  turpentine  begins  to  boil  at  155°, 
75-^80  per  cent  passes  at  162°  and  the  rest  at  175°.  Resinified 
turpentine  boils  higher.  Rosin  spirit  boils  under  150°;  benzol  at 
80°,  toluol  at  111°,  xylol  at  130°,  solvent  naptha  125-200°,  carbon 
tetrachloride  at  78°;  regenerated  turpentine*  begins  to  boil  at 
164-170°,  10  per  cent  distills  at  165°,  75-100  per  cent  up  to  175°; 
pine  oil  begins  to  boil  at  160°;  the  largest  portion  distills  between 
165°  and  175°. 

^  3.  Index  of  Refraction.  This  is  1.471-1.474  for  pure  turpen- 
tine at  15°;  naphtha  of  the  boiling  limits  100-180°  has  a  value 
1.419-1.450;  benzol,  1.502;  toluol,  1.489;  xylol,  1.496;  solvent 
naphtha,  1.498-1.501;  heavy  benzol,  1.525.  Larger  amounts  of 
these  hydrocarbons  can  be  detected  from  the  refractive  index  of 
the  mixture,  smaller  quantities  from  the  refractive  index  of  dis- 
tillates caught  at  10°  intervals.  The  index  may  be  determined  at 
room  temperature  and  then  recalculated  to  15°  by  means  of  the 
coefficient  0.00035  for  each  degree.'  The  index  for  regenerated 
turpentine  is  1.476-1.479. 

4.  Optical  Rotatory  Power.  The  figures  for  turpentine  and 
pine  oils  were  given  above;  for  two  regenerated  turpentines  the 
value  [<x]d  =  +0.08°  and  +6.7°  were  determined.  The  other  tur- 
pentine substitutes,  such  as  petroleum  naphtha,  benzol  hydro- 
carbons and  chlorinated  hydrocarbons  have  none  or  (high-boiling 
petroleum  naphthas)  vanishing  small  optical  activity. 

5.  Bromine  Absorptive  Power.  Turpentine  and  pine  oils  ab- 
sorb much  bromine,  since  their  components  contain  two  unsatu- 
rated bonds,  while  the  substitutes,  such  as  naphtha,  benzol  hydro- 
carbons and  chlorinated  hydrocarbons,  absorb  practically  none 
at  all. 

*  This  is  a  by-product  of  the  preparation  of  synthetic  camphor  from  Ameri- 
can turpentine;  it  contains  besides  pinene  and  limonene  also  terpinolene  and 
cymol,  all  of  which  boil  near  175°.  See  also  Semmler,  Die  aetherischen  Oele, 
1906,  Bd.  3,  353. 
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The  bromine  value  is  the  number  of  grams  of  bromine  absorbed 
by  1  c.c.  of  turpentine  at  20°.    The  method  *  is  the  following: 

0.5  gram  of  turpentine  is  mixed  with  50  c.c.  of  absolute  alcohol  and  5  c.c. 
of  25  per  cent  hydrochloric  acid;  to  this  solution  is  added  from  a  burette  some 
of  a  solution  of  13.926  dry  potassium  bromate  and  49.633  grams  of  potassium 
bromide  in  1  liter  of  water  until  the  liberated  bromine  is  no  longer  absorbed  by 
the  turpentine  and  the  latter  remains  at  least  1  minute  faintly  yellow  in  color. 
With  pine  oils,  however,  the  yellow  color  cannot  be  used  as  a  guide  since  the 
bromine  continues  to  be  absorbed  even  after  the  yellow  color  appears;  in  this 
case  a  portion  tested  with  zinc  iodide-starch  solution  will  show  an  excess  of 
bromine. 

Since  40  milligrams  of  bromine  are  liberated  by  1  c.c.  of  the  solution,  the 
amount  absorbed  can  be  easily  calculated.  The  bromine  value  of  pure  tur- 
pentine oil  is  not  under  1.9,  generally  2.15-2.3;  the  iodine  value  according  to 
Hübl  is  360-375.  The  bromine  value  is  lowered  by  added  substances;  it  is 
also  very  much  lower  in  the  case  of  resinified  turpentine  oils,  but  if  such  oils 
are  rectified  the  distillate  will  show  the  normal  bromine  value.f  According 
to  the  generally  accepted  results  of  Schneider  and  Zetsche,  0.5  c.c.  of  turpen- 
tine oil  require  at  least  25  c.c.  of  the  described  bromine  solution.  If  less  than 
25  c.c.  of  the  solution  are  used  it  is  advisable  to  carry  out  the  tests  given  under 
1-4  and  6-7. 

To  determine  the  presence  of  turpentine  in  mineral  oil,  the  bromine  ab- 
sorption test  is  used;  this  is  done  qualitatively  very  easily  by  allowing  bromine 
vapor  to  act  on  the  oil,  or  by  shaking  the  oil  with  bromine  water  and  observing 
if  the  color  disappears.  The  optical  rotatory  power,  the  odor  and  the  forma- 
tion of  pinene  nitroeo-ehloride  on  treatment  with  amyl  nitrite  and  cone,  hydro- 
chloric acid  are  also  useful.  The  latter  test  is  carried  out  as  follows:  1.5  c.c. 
of  33  per  cent  hydrochloric  acid  is  dropped  into  a  cooled  mixture  of  5  grams  of 
the  oil  to  be  tested,  5  grams  of  glacial  acetic  acid  and  5  grams  of  amyl  nitrite. 
The  separated  crystals  are  purified  by  solution  in  chloroform  and  precipitation 
with  methyl  alcohol.  Melting  point  102-103°;  if  the  crystals  are  allowed  to 
react  with  benzylamine,  in  the  presence  of  alcohol,  a  characteristic  com- 
pound, melting  at  122-123°,  is  obtained. 

6.  Solubility  in  Alcohol.  Pure  turpentine  oils  dissolve  in  5  to 
12  parts  of  90  per  cent  alcohol;  mineral  oil  distillates  are  almost 
insoluble  in  this. 

7.  Solubility  in  Fuming  Nitric  Acid.  In  acid  of  specific 
gravity  1.52,  pure  turpentine  oils  are  completely  soluble  at  —10°. 
Petroleum  naphthas  are  soluble  only  in  so  far  as  they  contain 
aromatic  and  olefin  hydrocarbons;   the  portions  of  high  boiling 

*  Chem.  Ztg.,  23,  686  (1899). 

t  Worstall,  Jour.  Soc.  Chem.  Ind.,  1904,  306,  recommends  the  determina- 
tion of  the  iodine  value  instead  of  the  bromine  number;  he  determined  this 
value  to  be  384  for  pure  turpentines. 
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naphthas  dissolved  by  the  nitric  acid  are  mainly  aromatic  in 
nature. 

The  test  for  naphtha  additions  is  made  by  the  method  of  Burton 
as  modified  by  Rothe  and  later  by  Marcusson  and  Winterfeld.* 
The  apparatus  used  t  is  shown  in  Fig.  114.  The  method  of  analy- 
sis is  as  follows: 

• 

The  flask  contains  30  c.c.  of  fuming  nitric  acid  (1.52)  cooled  to  —10°  by  a 
salt-ice  freezing  mixture.    The  separately  funnel  above  is  filled  up  to  the  10  c.c. 

mark  with  turpentine;  the  latter  is  run,  drop  by  drop,  with 
continuous  shaking,  into  the  cooled  acid  in  the  course  of  not 
less  than  45  minutes;  the  higher  the  amount  of  naphtha 
contained  the  more  rapidly  this  may  be  done.  The  mixture 
is  allowed  to  stand  15  minutes  after  completion  of  the  reac- 
tion and  then  enough  cone  .(not  fuming)  nitric  acid  (at  — 10°) 
added  to  the  contents  of  the  flask  until  the  oil  on  the  surface 
is  brought  into  the  graduated  neck.  The  volume  is  read 
when  the  neck  is  at  room  temperature,  the  body  of  the  flask 
being  still  in  the  freezing  mixture. 

The  mixture  is  transferred  to  a  separatory  funnel,  the 
lower  layer  run  off  into  a  500  c.c.  measuring  flask  containing 
150  c.c.  of  water.  The  neck  should  be  graduated  for  a  10 
c.c.  portion  into  ^  c.c.  The  temperature  will  rise  and 
according  to  the  amount  of  naphtha  present,  more  or  less 
oil  will  separate.  The  unattacked  oily  layer  in  the  separa- 
tory funnel  is  washed  with  water  and  then  examined  for 
index  of  refraction,  specific  gravity  and  boiling  point.  The 
aqueous  layer  of  the  nitric  acid  is  warmed  for  15  minutes 
under  a  hood  to  dissolve  as  completely  as  possible  the 

I  j  resinous  substances  formed  from  the  turpentine.    If  oil 

I  o  drops  float  in  or  on  the  liquid,  naphtha-hydrocarbons  may 

V  be  suspected;  the  tests  given  on  page  423  are  then  made. 

The  cooled  liquid  is  then  shaken  with  100  c.c.  ether,  the 
aqueous  layer  separated  and  the  ether  layer  again  washed 
free  from  acid  with  water,  then  with  potassium  hydroxide 
(50  grams  KOH  in  500  c.c.  water  and  50  c.c.  alcohol),  and 
again  with  water.  The  ether  solution  dried  with  calcium 
chloride  is  filtered,  the  solvent  evaporated  and  the  residue 
weighed  after  short  heating  on  a  water  bath.  The  residue 
consists  of  a  reddish  brown  oil  (aromatic  nitro-derivatives)  and  is  to  be  recalcu- 
lated to  c.c.  since  the  naphtha  determination  was  started  volumetrically. 

The  nitro-bodies  in  question  (nitrobenzol,  nitrotoluol,  nitroxylol  and  nitro- 
cymol)  have  an  average  specific  gravity  of  1.15,  so  that  the  weight  found  is  to 
be  divided  by  1.15  and  the  resultant  value  added  to  the  nitric  acid  insoluble 
portion  to  obtain  the  total  volume  of  naphtha. 

*  Chem.  Ztg.,  1909»  987. 

t  Vereinigte  Fabriken  für  Laboratoriumsbedarf,  Berlin,  N. 
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The  following  results  were  obtained  on  testing  mixtures  of  tur- 
pentine with  naphtha  from  Galicia  and  from  Sumatra: 


TABLE  89 


Source  of  the  naphtha 


Sumatra  (heavy) 
Sumatra  (light) . 
Sumatra  (heavy) 

Galician 

Galician 

Sumatra  heavy.. 


Percent 

of 
naphtha 
contained 

Peroent 
of  com- 
ponents 
insoluble 
in  nitric 
acid 

Components  obtained 

from  the  nitric  acid 

solution,  and  freed  from 

acid 

Percent 

of 

naphtha 

found 

Grams 

Cubic 
centi- 
meters 

Percent 
referred 
to  orig- 
inal ma- 
terial 

80 
80 
80 
40 
20 
10 

49 
57.5 
33 
30 
11 
4 

3.82 
2.40 
2.80 
1.02 
1.03 
0.79 

3.32 
2.10 
2.44 
0.90 
0.90 
0.70 

33.2 

21.0 

24.4 

9.0 

9.0 

7.0 

82.2 
78.5 
57.4 
39.0 
20.0 
11.0 

Differ- 
ence 
between 
actual 
and 
amount 
found, 
per  cent 


+2.2 
-1.5 
-2.6 
-1.0 
±0.0 
+1.0 


Sumatra  naphtha  (boiling  limits  100-180°)  of  specific  gravity 
0.782  and  0.803  contains  22  and  40  per  cent  of  nitric  acid-soluble 
components;  American  naphtha,  specific  gravity  0.734,  about  10 
per  cent;  Russian  naphtha,  0.789  and  0.790,  10  and  8  per  cent; 
Galician  naphtha  of  specific  gravity  0.760, 17  per  cent.  The  nitric 
acid-insoluble  portions  of  naphtha  from  Sumatra  have  a  specific 
gravity  of  0.76-0.77,  of  American  naphtha,  0.72-0.73,  of  Galician 
or  Rumanian,  0.74r-0.75,  of  Russian  0.78,  so  that  from  the  specific 
gravity  of  the  part  insoluble  in  acid,  some  conclusions  may  be 
drawn  as  to  the  source  of  the  naphtha.  If  the  amounts  of  naphtha 
are  very  small,  the  above  method  will  not  be  accurate  for  the  small 
amounts  will  be  more  attacked;  in  this  case  the  specific  gravity  of 
the  unattacked  portions  will  be  lower. 

The  high  boiling  naphthas  used  as  turpentine  substitutes  have 
flash  points  over  21°  (like  kerosene),  specific  gravities  between  0.76 
and  0.80  (at  times  0.81) ;  their  boiling  limits  may  go  as  low  as  90° 
or  as  high  as  240°,  so  that  they  resemble  the  illuminating  oils  very 
much.    It  is  possible  to  distinguish  between  these  as  follows: 

In  distilling  hydrocarbon  mixtures,  the  boiling  liquid  is  always 
at  a  higher  temperature  than  the  vapors  and  the  difference  is 
greater,  the  wider  the  boiling  limits  of  the  liquid.*    By  distilling  a 

*  Graefe,  Petrol.,  8,  1128  (1907/08). 
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Galician  petroleum  with  boiling  limits  100-300°,  a  difference  in 
temperature  between  liquid  and  vapor  of  from  35°  to  59°  was  ob- 
served; with  a  kerosene  (boiling  limits  184-252°),  a  difference  of 
6°  to  8°  was  recorded.* 

Holde  uses  these  phenomena  to  distinguish  between  turpentine 
substitutes  and  kerosene,  since  similar  differences  were  observed. 

The  oil  is  heated  to  boiling  in  an  Engler  flask,  one  thermometer  being  placed 
in  the  oil,  another  in  the  vapor.  It  is  sufficient  to  note  the  differences  in  tem- 
perature at  the  beginning  of  boiling,  the  flask  being  half  filled,  distilling  a  few 
cubic  centimeters  of  oil. 

For  safety  kerosene  the  difference  is  5°  to  14°;  the  values  for 
turpentine  substitutes  are  given  on  page  271. 

Turpentine  substitutes  (naphthas)  are  completely  soluble  in  3 
volumes  of  96  per  cent  alcohol,  while  all  kerosenes,  when  similarly 
treated,  give  mixtures  from  which  separate  considerable  quantities 
of  oil  (shown  by  cloudiness).  This  gives  a  second  method  of  dis- 
tinguishing the  turpentine  substitutes  from  kerosenes.  These 
methods  should  be  further  tested. 

8.  Rosin  Spirits.  Generally  pinolene  (boiling  under  150°)  is 
used  as  a  substitute,  this  being  detected  by  its  volatility.  In  many 
cases  a  lowering  of  the  bromine  absorption  value  as  well  as  the 
behavior  on  distillation  indicates  an  adulteration. 

Zune  distills  about  three-fourths  of  the  sample  and  determines 
the  refractive  index  of  the  first  quarter  and  of  the  residue;  with 
pure  turpentine  the  difference  is  said  to  be  no  greater  than  0.004, 
but  with  rosin  oils  it  is  decidedly  greater;  in  the  presence  of  1  per 
cent  of  rosin  oil  it  is  said  to  change  0.006.  Grimaldi  f  states  that 
rosin  spirits  on  heating  with  an  equal  volume  of  cone,  hydro- 
chloric acid  and  a  bit  of  tin  give  a  green  color  on  cooling,  by  which 
5  per  cent  can  be  detected  in  turpentine  and  10  per  cent  in  mix- 
tures with  pine  oil. 

9.  Detection  of  Pine  t  Oil.  The  specific  gravity  is  about  the 
same  as  that  of  turpentine;  bromine  value,  1.6-1.9."  Boiling  be- 
gins near  160°,  the  larger  portion  distilling  between  165°  and  175°. 
On  treatment  with  acetic  anhydride  and  a  drop  of  cone,  sulphuric 
acid,  it  gives  a  strong  color  reaction  (brown  red  to  blue  violet); 
while  pure  turpentine  gives  a  faint  yellow  to  red  coloration.    The 

*  Chem.  Ztg.,  87,  414  (1913). 

t  Chem.  Ztg.,  81,  1145  (1907). 

t  Chemical  Abstracts,  6,  1373  (1912). 
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color  due  to  the  pine  oil  is  strongest  in  the  sylvestrene  fraction 
(boiling  point  about  175°).  In  mixtures  with  turpentine,  pine  oil 
is  detected  by  its  unpleasant  odor,  by  the  sylvestrene  reaction  and 
its  behavior  on  distillation. 

H.  Herzfeld  states  that  if  the  amount  of  pine  oil  is  not  too  small, 
a  piece  of  potassium  hydroxide  will  be  covered  with  a  yellow  brown 
film  very  quickly,  while  pure  turpentine  requires  a  much  longer 
time  to  develop  this  color.  Older,  resinified  turpentine  oils  will 
also  form  this  brown  layer  quickly,  though  by  distillation  the 
resinous  material  may  be  kept  back  and  the  pine  oil  detected  in 
the  distillate.* 

Pine  oil,  but  not  turpentine  or  refined  pine  oil  (for  example,  by 
the  Kaas  method),  is  said  by  Herzfeld  to  give  a  yellow  green  color 
with  sulphurous  acid.  A  test,  given  by  both  crude  and  refined 
pine  oil,  depending  on  reduction,  allows  the  detection  of  5  per  cent 
of  pine  oil  in  turpentine  (old  oils  are  to  be  first  distilled  and  the 
distillate  tested)  has  been  described  by  Wolff,  f 

5  c.c.  of  the  sample  are  boiled  with  5  drops  of  nitrobenzol;  then  2  c.c.  of  25 
per  cent  hydrochloric  acid  are  added  and  the  mixture  heated  10  seconds  to 
boiling  (Danger!  pine  oils  react  vigorously).  Both  crude  and  refined  pine  oils, 
give  a  brown  coloration  in  the  oily  layer  and  a  brown  to  black  color  in  the  acid; 
turpentine  oils  give  no  color  or  only  a  pale  yellowish  green,  the  acid  taking  on  a 
dirty  green  color. 

Utz  X  states  that  all  pine  oils,  even  mixtures  with  turpentines,  when  treated 
with  official  stannous  chloride  solution  (Bettendorf  's  reagent)  develop  a  rasp- 
berry red  color  in  the  stannous  chloride  solution  or  in  the  oil,  while  turpentine 
gives  only  a  yellow  or  orange-yellow  color. 

To  detect  10  per  cent  of  pine  oil  in  turpentine  oil,  Piest  §  suggests  the  follow- 
ing: 5  c.c.  of  the  oil  are  shaken  with  5  c.c.  of  acetic  anhydride,  10  drops  of  cone, 
hydrochloric  acid  added  and  then  after  cooling  with  water,  5  drops  more  added. 
Allowed  to  stand  at  room  temperature,  a  color  will  develop.  A  clear  solution 
will  form;  turpentine  remains  water-white,  pine  oil  becomes  black.  5  per  cent 
of  pine  oil  will  still  give  a  dark  color.  Old  turpentines  should  previously  be 
distilled. 

The  methods  of  Wolff,  of  Utz  and  of  Piest  have  been  found  use- 
ful by  the  Materialprüfungsamt. 

10.  Wood  Turpentine.  This  is  much  like  gum  turpentine  but 
differs  in  that  it  absorbs  less  halogen.    The  iodine  value  of  wood 

*  Ztschr.  f.  oeffentlich.  Chem.,  1908,  456. 
t  Farbenzeitung,  17,  21  (1912). 
t  Chem.  Rev.,  12,  100  (1905). 
§  Chem.  Ztg.,  86,  198  (1912).    See  also  Chem.  Abstracts,  6,  1373  (1912). 
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turpentine  lies  often  between  230  and  300.    Color  reactions  for 
distinguishing  the  two  are  of  no  value.* 

11.  Benzol  Hydrocarbons.  These  can  be  detected  by  the  nitric  acid  t 
test.  The  aqueous  solution  of  the  components  soluble  in  fuming  nitric  acid, 
obtained  according  to  page  420,  after  boiling  15  minutes  on  a  water  bath,  is 
allowed  to  cool  for  several  hours.  If  only  very  little  resinous  material  is  to  be 
seen  (generally  floating  near  the  surface,  benzol  hydrocarbons  need  not  be 
suspected).  If,  however,  red  brown  drops  of  nitro-derivatives  separate,  they 
are  forced  into  the  graduated  part  of  the  measuring  flask  by  adding  (1.6  specific 
gravity)  sulphuric  acid,  the  volume  read  off  being  taken  as  a  measure  of  the 
amount  of  benzol-hydrocarbons  in  the  sample.  If  the  separated  material  is 
over  50  per  cent,  the  boiling  will  be  unnecessary,  and  the  amount  is  found  by 
dividing  the  observed  volume  by  1.15. 

12.  Carbon  Tetrachloride.  The  halogen  test  with  copper  in  a 
bunsen  flame  is  made;  an  intense  green  color  results.  By  boiling 
with  alcoholic  potash,  potassium  chloride  is  precipitated.  A 
quantitative  determination  is  made  by  determining  the  halogen 
by  the  Carius  method,  carbon  tetrachloride  containing  92.2  per 
cent  of  chlorine. 

SPECIFICATIONS  OF  THE  ROYAL  POWDER  MILLS  OF  SPANDAU 
FOR  TURPENTINE  OIL  AND  FOR  PINE  OIL   (191 1) 

Turpentine  for  Varnish.  This  is  to  be  used  in  preparing  copal  and  asphalt 
varnish  and  must  be  commercially  pure,  colorless,  or  of  a  faint  yellow  color, 
clear,  of  characteristic  odor  and  free  from  rosin  oils,  fats,  mineral  oils  and 
naphtha. 

Residue  on  rapid  evaporation  should  be  not  more  than  0.5  per  cent.  Bro- 
mine absorption  for  1  c.c.  not  less  than  2.0.  Boiling  limits  155-165°,  at  least 
90  per  cent  passing  between  155°  and  165°.    Specific  gravity  at  15°,  0.860-0.870. 

For  Paints.  This  turpentine  should  be  colorless  to  pale  yellow,  clear, 
mobile,  volatile,  having  a  strong  resinous  but  not  burnt  or  rancid  odor,  in- 
soluble in  water,  barely  soluble  in  dilute  alcohol,  but  miscible  in  all  proportions 
with  absolute  alcohol,  ether,  benzol,  chloroform,  fats  and  volatile  oils.  Resi- 
due on  rapid  evaporation  less  than  0.5  per  cent.  Boiling  limits  150-180°. 
Specific  gravity  at  15°,  0.855-0.890.  Applied  with  a  pigment,  it  should  dry 
well  and  give  a  hard  and  not  sticky  surface. 

Pine  Oil  (German).  It  must  be  refined,  clear  and  should  have  at  the  most 
a  pale  yellow  color.  Should  form  no  deposit  and  must  be  free  from  mineral 
acid  and  impurities  like  hydrocarbons.  Should  not  have  a  strong  burnt  odor, 
not  more  acidity  than  is  equivalent  to  2.12  oleic  acid.  Residue  on  distillation 
of  pine  oil  for  paints  and  varnishes  should  be  less  than  0.5  per  cent,  for  other 
purposes  3  per  cent  is  permissible.  This  is  to  be  determined  by  rapid  distil- 
lation. 

*  Parry,  Chemist  and  Druggist,  1912, 340;  Chem.  Zentralb.,  1912,  II,  1157. 
t  Marcusson,  Chem.  Ztg.,  36,  413  (1912). 
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TABLE  90 
Railway  Specifications  for  Turpentine  in  Force  Beginning  of  1013 


State 

External 
appearance 

Specific 

gravity, 

15* 

Distillation 

Other  properties 

Prussia, 
1901 

Clear  and 
colorless 

0.860- 
0.880 
at  20* 

Free  from  admixture  and  completely 
puri fied.  When  volatilised,  A mer- 
ican  or  French  oil  should  leave 
not  more  than  0.3  resinous  ma- 
terial: Polish  or  German  not  more 
than  0.6. 

Bavaria, 
1900 

Water-white, 

with  a  mild, 

aromatic  odor 

0.860- 
0.890 

Non-  volatile 

residue  less  than 

1  per  cent 

Best  refined,  no  additions  of  rosin, 
hydrocarbons,  etc. 

Saxony* 

Clear,  water- 
white,  to 
faint  yellow 
oolor 

0.860- 
0.880 
at  20* 

Between  150*  and 
166*  at  least  75  per 
cent  should  dis- 
till, 25  per  cent 
between  165°  and 
185* 

Pure,  free  from  fatty  components 
and  similar  substances,  t  giving 
not  more  than  2.5  per  cent  residue 
by  evaporation  at  room  temper- 
ature. 

Württem- 
berg, 
*904 

Water-white 

with  mild 

odor 

0.860- 
0.890 

Completely  vola- 
tile, boiling  limits 

150-170*;  no 
noticeable  resin- 
ous residue 

Used  for  varnishing,  should  con- 
tain no  resins  or  foreign  hydro- 
carbons. A  drop  on  paper  should 
leave  no  rings  on  evaporation. 

Baden, 
1910 

Shaken  with  an  equal  volume  of 
ammonia,  the  two  layers  must 
appear  clear  and  colorless. 

Imperial 

Territory, 

1912 

Mobile  and 
oolorleas 

0.86 

Rectified,  must  volatilise  without 
residue  and  must  be  well  adapted 
for  thinning  paints. 

*  Turpentine  substitute;  clear  and  colorless,  mild  odor,  neutral;  specific  gravity  at  15*  not 
below  0.78;  99  per  cent  distilling  between  120*  and  180*;  flash  point  over  21*;  only  traces  of  ma- 
terial, non-volatile  at  room  temperature;  should  not  evaporate  more  quickly  than  turpentine. 

t  Free  from  distillates  from  petroleum,  coal  tar,  lignite  tar,  rosin  or  pine. 

(b)  Resins.  In  the  examination  of  varnishes,  the  resin  as  well 
as  the  solvent  must  be  considered;  either  the  undissolved  resin  or 
its  solution  in  turpentine,  alcohol,  etc.  (spirit  varnish),  or  mixture 
with  drying  fatty  oil  (oil  varnish)  is  to  be  tested.  In  the  former 
case  an  examination  is  made  on  the  basis  of  the  values  recorded  in 
Table  91  on  page  426;  in  the  latter  case  after  distilling  off  the 
solvent,  the  resins  are  separated  from  the  fatty  oil  by  proper 
solvents  or  precipitation  reagents.* 

*  See  H.  Wolff,  Farben* tg.,  16,  2056  (1911);  Zimmer,  ibid.,  17,  456  (1011). 
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D  =-  Dieterich.    8.  and  E. 


TABLE 
Properties 

Sohmidt  and  Erban.    M  and  W.  -  Mareuaaon 

(Values  found  by  M.  and  W. 


8 


Kind  of  reain 


Colophony 
(Main    compo- 
nent abietio 

acid, 
C»H3oOf) 


Shellac 
(main    compo- 
nent   remno- 
tannol   ester 
of  aleuritic 
acid) 


Amber 
(Main    compo- 
nent succinores- 
inol  ester  of 
succinic  acid) 


Zansibar 
copal  (main 
component 
tracnylolio 
acid) 


Kauri  oopal 


Manila 
oopal 


Liebermann- 

Morawski 

reaction 


Dark  blue  or 

red  violet 

at  once 


Dissolved  cold 
no  color,  dis- 
solved warm, 
no  character- 
istic color. 
Hd.  and  M. 


Dissolved  cold, 

colorless  to 
faint  red,  dis- 
solved warm, 

violet  red. 

Heated  amber, 

dissolved  cold 

gives  rose  color 

slowly.  Hd.&M. 


Brown  Hd. 


Reddish 


Brown 


Dammar 
(main    compo- 
nents dammar- 
olic  acid  and 
dammarresene) 


Sandarao 
(main    compo- 
nent sandara- 
cinolio  acid) 


Mastic 
(main  compo- 
nent maetuan) 


8 


Elemi 


Red 


Brown 


Brown  red 


p. 

to 
Q. 

K 


Acid  number 

of  the  resin 

(direct) 


140-180     D. 
146         • 
151         Kr. 


65.5 

63 

60.8-64.4 


15-35 

33-34 

15.5-33 


35-05 

80-85 

71 


66 


136 
142 


31-34 

20-35 

32 

25 


Kr. 

P.8.t 


D. 

Kr. 

I 


D. 
Kr. 

5 


I 


Kr. 
D. 

I 


95-155 

D. 

140 

• 

144 

Kr. 

138 

1 

50-70 

D. 

64 

• 

60 
62(71) 

k 

18-24 


Ester  number 
of  the  resin 


8-36 
22 


136-163      t 
50.2        Kr. 
150         • 
138.5-141.6  P.S. 


71-91 
74.5-91.1   Kr. 
106-112     | 


12 


I 


8 


I 


42 
52 


I 


15 
9 


I 


32 
40 


I 


55         | 

23-29 
29         • 


6-46 


Saponification 

value  of  the 

resin 


167-194 
146.6 


194-212      t 
208         * 
201-208.6   P.S. 


86-145 

145 

127-137 


I 


91 
83 


74 


188         X 
184         § 


42         | 


167.5       • 
178         ft 


106         | 

73-93 

93         • 


25-68 


Iodine 
valuett 


115-117 


0-6 


(81 

[8.2-9.61 

P.S. 


64-67 


*|S.  and  E.  t  Puran  Singh.  J.  &c.  Cbem.  Ind.,  1910, 1485. 

|  Williams.  §  M.  and  W. 

n  Strongly  distilled  amber  (40-45  per  cent  distilled)  is  easily  soluble  in  hot  oajeput  oil  and  is 
not  precipitated  from  this  solution  by  the  addition  of  naphtha  boiling  below  50°. 


TECHNICAL  PRODUCTS  PREPARED  FROM  FATS       427 


Ol 

of  Resins** 

and  Winterfeld.    Hd.  -  Holde.    P.S.  -  Puran  Singh.    C. 
were  determined  in  bensol-alcohol  solution) 


Coffignier.    Kr.  —  Kremel. 


Solubility  in 

Other 
observa- 
tions 

Alcohol 

Ether 

Acetic 
anhydride 
(Hd.) 

Cajeput 
oil 

Aceton 

Petrol- 
eum 
ether 

Turpen- 
tine 

70 
per  cent 

Soluble 

Absolute 

Soluble 

Soluble 

Easily  solu- 
ble cold 

Soluble 

Nearly 

all 
soluble 

Soluble 

Same 

0.6-1.1 

per  cent 

insoluble 

(P.S.) 

Insoluble 

Very  little 
soluble  cold, 
easily    solu- 
ble warm 

Almost 
insolu- 
ble 

Insolu- 
ble 

Almost 
insolu- 
ble 

Acids  can  be 
esterfied 
with  alco- 
holic hydro- 
ohloric  acid; 
difference 
from  other 
resins. 

Insolu- 
ble 

Almost 
insoluble 

Little 
soluble 

Almost  in- 
soluble cold, 
little  soluble 
warm 

Little 

solubleH 

W. 

Little 
soluble 

Little 
soluble 

Par- 
tially 
soluble 

Acid  value 
of  the  sep- 
arated acids 
93.§ 

Same 

Natural 

insoluble, 

skinned 

almost  all 

soluble 

Partially 
soluble 

Little  soluble 
cold,  partial- 
ly soluble 
warm 

Almost 
complete- 
ly solu- 
ble when 
heatedlf 

Insolu- 
ble 

Insolu- 
ble 

The 
same 

More 

easily 
soluble 

than 
Zansibar 

copal 

Little  soluble 
cold,  com- 
pletely warm, 
part  precipi- 
tating      on 
cooling 

The 

sameY 

W. 

More 
easily 
than 
soluble 
Zansi- 
bar copal 

The 
same 

Little  soluble 

cold,  almost 

all  soluble 

warm 

The 

sameT 

W. 

The 
same 

Partially 

soluble 

19-45 

percent 

C. 

Soluble 

Little  solu- 
ble cold, 
partially  sol- 
ble  warm 

Largely 
soluble 

Soluble 

Soluble 

Soluble 

Same 

Little  soluble 

cold,  almost 

completely 

soluble  warm 

Soluble 

Insoluble 
in  bensol. 

Partially 
soluble 

Same 

Little  soluble 

cold,  almost 

all  soluble 

warm 

Par- 
tially 
soluble 

Insolu- 
ble 

Par- 
tially 
soluble 

Soluble 

Same 

Soluble 

Soluble 

Soluble 

•J  Is  precipitated  from  solution  by  the  addition  of  naphtha  boiling  below  50*. 

**  See  also  Rebe  (Chem.  Rev.,  1912,  155)  regarding  solubility  of  the  different  resins  in  cone 
acetic  acid,  in  naphtha,  sal  ammoniac,  etc. 

ft  The  values  in  square  brackets  by  determining  the  iodine  value  of  the  alcohol-soluble  and 
insoluble  portion  together;  the  other  values  are  for  the  parts  soluble  in  alcohol. 
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In  the  examination  of  these  materials  the  appearance  of  the 
residue  from  steam  distillation  gives  valuable  hints.  At  first 
tests  are  made  for  salts  of  resin  acids  (lead,  manganese  and  calcium) ; 
a  portion  of  the  sample  is  ashed,  the  residue  being  examined  by  the 
regular  procedures  of  qualitative  and  quantitative  analysis.  Colo- 
phony is  detected  by  the  blue-violet  color  in  the  Morawski  reaction; 
all  other  resins  give  an  uncertain  red  or  brown  tint.  The  recogni- 
tion of  the  other  resins  is  accomplished  by  help  of  Table  91,  but  it 
must  be  remembered  that  frequently  they  are  no  longer  present 
in  their  original  condition,  since  in  the  manufacture  of  the  varnish 
they  have  been  melted,  hardened,  etc.,  into  other  bodies  with 
entirely  different  properties.  Besides  those  given  in  the  table, 
there  are  at  times  found  synthetic  preparations  (for  example, 
bakelite,  a  condensation  product  of  phenols  and  formaldehyde, 
glyceryl  esters  of  resin  acids,  etc.).  If  an  oil  varnish  is  under  ex- 
amination, this  is  made  evident  in  the  steam  distillation,  in  that 
the  residue  is  thick  and  oily.  To  test  for  dryers,  the  material  is 
ashed,  or  the  residue  treated  with  naphtha  and  hydrochloric  acid 
(see  page  412).  Free  resin  is  tested  for  by  means  of  the  acid  value 
(page  143,  or  in  the  presence  of  dryers  according  to  page  412) ;  a 
low  acid  value  (under  7)  means  absence  of  free  resin.  The  naphtha 
extract  is  qualitatively  tested  for  unsaponifiable  matter,  and  if 
unsaponifiables  are  present,  tested  for  mineral  oil  and  rosin  oil 
(page  162).  The  fatty  residue  (according  to  Spitz  and  Honig)  is 
then  tested  according  to  page  341  and  following,  taking  account  of 
the  change  in  property  of  linseed  oil  on  boiling. 

In  varnishes  is  found  the  less  valuable  colophony,  as  well  as  the 
resins  given  under  2  to  5  of  the  table,  in  which  are  included,  for 
the  sake  of  comparison,  the  properties  of  mastic  and  sandarac. 
The  characterization  of  the  resins  is  accomplished  by  the  methods 
of  Schmidt  and  Erban,  of  K.  Dieterich  and  of  Marcusson  and 
Winterfeld. 

According  to  Holde,  the  solubility  of  colophony  in  cold  acetic 
anhydride  allows  the  easy  detection  of  colophony  in  the  presence 
of  other  resins,  for  on  adding  a  drop  of  sulphuric  acid  (1.53)  a  blue- 
violet  color  appears  in  the  presence  of  colophony. 

Determination  of  the  acid  value  of  resins.  The  characteristic 
acid  values  of  resins  serve  to  determine  their  purity.  It  was  for- 
merly determined  by  dissolving  the  resin  in  a  proper  solvent  and 
then  titrating  with  N/10  alkali  as  in  the  determination  of  the  acid 
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value  of  fats.  K.  Dieterich  later  proposed  the  method  of  titrating 
back,  a  weighed  amount  of  the  resin  being  treated  with  an  excess  of 
alkali  and  then  the  unused  alkali  determined  by  titration;  this 
suggestion  was  made  because  some  of  the  resins  did  not  dissolve 
in  the  customary  solvents,  and  also  because  the  free  resin  acids 
combined  with  the  dilute  alkali  only  slowly.  It  has  been  shown  * 
that  anhydrides,  phenol  acids  and  lactones  t  are  also  present  in 
resins  (for  example  colophony)  and  these  are  gradually  attacked 
by  dilute  alkalies.  The  method  of  titrating  back  therefore  gives 
widely  divergent  results,  depending  on  the  time  of  reaction  and 
the  strength  of  the  alcoholic  alkali. 

The  following  method  has  therefore  been  suggested  by  Marcus- 
son  and  Winterfeld:  X 

4  grams  of  the  powdered  resin  are  dissolved  in  200  c.c.  of  a  mixture  of 
benzol  and  absolute  alcohol,  and  after  cooling,  without  filtration,,  titrated  with 
N/10  alakli;  since  Phenolphthalein  does  not  giye  a  sharp  end  point  in  the 
presence  of  shellac,  alkali  blue  6b  is  used. 

The  method  was  tried  with  Zanzibar  copal  and  dammar  resin, 
in  which  the  free  acid  was  also  determined  in  another  way,  by 
exhaustive  leaching  with  absolute  alcohol  and  titration  with  N/10 
alkali,  using  Phenolphthalein  as  indicator;  the  results  with  the  two 
methods  were  the  same.  The  value  for  the  copal  was  in  one  case, 
72.8,  in  the  other,  72.4;  for  the  dammar  resin  in  both  cases  24.8. 
In  Table  (91)  the  values  obtained  by  Marcusson  and  Winterfeld 
fit  in  very  well  with  the  values  obtained  by  others. 

(a)  If  ammonia  soap  is  present  in  resins,  in  water-soluble  rosin 
oils  and  in  mineral  oils,  the  ammonia  is  separately  determined  by 
the  method  of  page  198.  The  amount  of  combined  resin  acid  thus 
determined  is  subtracted  from  the  total  determined  by  titration. 

(6)  Calcium  resinates  are  added  to  the  colophony  to  harden  it. 
In  titrating  such  material  in  benzol-alcohol  solution  with  alkali,  at 
first  a  basic  calcium  soap  will  form  which  does  not  dissociate,  nor 
react  with  Phenolphthalein;  the  material  is  therefore  diluted  with 
water  till  the  alcohol  is  50  per  cent  and  the  solution  will  react  with 
the  indicator,  or  the  procedure  given  under  lubricating  greases 
(page  192)  is  used. 

(c)  In  the  presence  of  aluminum,  iron,  manganese  and  lead 

*  Henriques,  Ztschr.  f.  angew.  Chem.,  12,  106  (1899). 
t  Fahrion,  ibid.,  14,  1197,  1221  (1901). 
X  Chem.  Rev.,  16,  104  (1909). 
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soaps,  basic  salts  are  obtained  which  do  not  dissociate  even  in 
presence  of  water. 

These  can  be  estimated  by  the  method  of  Holde  in  which  15  grams  are 
dissolved  in  50  c.c.  of  benzol,  filtered  and  30  c.c.  of  water  containing  methyl 
orange  added;  the  benzol  solution  is  then  titrated  hot  with  N/2  hydrochloric 
acid,  the  end  point  being  sharper  if  some  methyl  orange  is  added  after  decompo- 
sition of  most  of  the  soap.  The  aqueous  layer  is  separated,  the  oil  layer 
washed  free  from  mineral  acid,  neutral  alcohol  added  and  then  titrated  with 
N/10  alkali  in  presence  of  Phenolphthalein.  From  the  difference  in  the  two 
titrations  the  amount  of  free  acid  may  be  calculated. 

K.  Blown  Oils 

I.  General 

By  blowing  air  into  rapeseed  and  cottonseed  oils  heated  to 
120°  very  viscous  products  of  the  consistency  of  castor  oil  are 
obtained;  these  differ  from  the  latter,  however,  by  being  soluble  in 
naphtha  and  in  mineral  lubricating  oils,  as  well  as  in  being  diffi- 
cultly soluble  in  alcohol.  They  are  sometimes  known  as  soluble 
castor  oils,  blown  oils,  or  thickened  oils,  and  come  on  the  market 
mixed  with  mineral  oils  as  lubricants  in  so-called  marine  oils.  The 
color  of  these  oils  is  lighter,  the  lower  the  temperature  of  blowing. 
By  the  action  of  oxygen  of  the  air,  a  part  of  the  unsaturated  acids 
is  changed  to  naphtha-insoluble  oxy-acids;  another  part  decom- 
poses into  volatile  acids  of  low  molecular  weight;  a  considerable 
amount  of  polymerization,  as  well  as  lactone  formation,  occurs. 
Consequently  the  viscosity,  specific  gravity,  Reichert-Meissl  value, 
saponification  value  and  acetyl  value  increase  and  the  increases 
are  the  greater,  the  higher  the  temperature  of  blowing;  in  corre- 
sponding degree,  the  iodine  value  sinks. 

The  properties  of  some  blown  oils  are  given  in  Table  92;  for  the 

sake  of  comparison,  the  properties  of  rapeseed  and  of  cottonseed 

oils  are  also  given. 

II.  Examination 

(a)  Differences  Between  Oils.  It  is  extremely  difficult  to  dis- 
tinguish between  different  blown  oils,  since  the  constants  have 
such  a  wide  range,  and  as  may  be  seen  from  the  table,  they  may  be 
the  same  for  rape  and  cottonseed  oils.  Furthermore  the  color 
reactions  fail.  Blown  cottonseed  oils  do  not  give  either  the  Hal- 
phen  or  the  Milliau  tests;  it  is  true  the  nitric  acid  test  is  given,  but 
it  is  also  given  by  rape  oil.  To  distinguish  between  them  the 
following  tests  are  of  some  value: 


r 
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TABLE  92 
Properties  of  Pure  and  Blown  Rape  and  Cottonseed  Oils 


Pure  rape  oils 

Commercial  blown  rape  oils  (ex- 
amined at  the  Materia  Iprüfung- 
samt) 

Commercial  blown  rape  oils  (Lew- 
kowitsoh) 

Pure  cottonseed  oils 

Commercial  blown  cottonseed  oils 
oib  (Lewkowitsch) 


Specifio 

gravity 

atWC. 

Iodine 

value 

Saponi- 
fication 
value 

Reiohert- 
Meissl 
value 

0.913-0.917 

0.968-0.975 
0.967-0.977 
0.922-0.926 
0.972-0.979 

94-106 

46.9-62.3 

47.2-66.3 

108-110 

66.4-65.7 

170-179 

209.5-217.6 

197.7-267.5 
(175.1) 

191-198 
213.7-224.6 

0.3 

3.8-4.4 
To  8.8 

Percent 
oxy-acids 
insoluble 
in  petrol- 
eum ether 


24-27.6 


20.74-24.95 


26.5-29.4 


1.  The  odor  resembles  that  of  the  unblown  oil. 

2.  The  consistence  of  the  fatty  acids.  The  fatty  acids  of  blown 
rape  oil  (erucic,  oleic  and  rapic,  besides  small  amounts  of  palmitic, 
stearic  and  arachidic  acids)  because  of  their  pronounced  unsatu- 
rated character  are  oily;  the  acids  separated  from  blown  cottonseed 
oil,  because  of  the  presence  of  considerable  amounts  of  saturated 
acids  (palmitic  and  stearic  acids),  are  of  the  consistency  of  tallow 
(melting  point  54-59°). 

3.  Behavior  of  the  lead  soaps  in  presence  of  ethyl  ether.  Cor- 
responding to  the  different  composition  of  the  acids,  mentioned 
under  2,  the  lead  soaps  of  rape  oil  acids  are  more  soluble  in  ether, 
dissolving  almost  completely;  while  those  of  cottonseed  oil  remain 
largely  undissolved.  Marcusson  *  has  based  a  qualitative  test  for 
distinguishing  between  blown  rape  and  blown  cottonseed  oils  on 
this  property: 

The  acids  are  liberated  from  the  oil  in  question  and  separated  into  those 
soluble  in  petroleum  ether,  and  those  insoluble.  The  lead  salts  of  the  petro- 
leum ether-soluble  portion  (see  page  303)  are  then  prepared.  In  the  presence 
of  blown  rape  oil,  the  lead  soaps  are  completely  soluble  in  warm  ether  and  on 
cooling  only  traces  separate.  If  cottonseed  oil  is  present,  a  considerable 
amount  (14-18  per  cent)  remains  undissolved. 

(6)  Mixtures  of  Mineral  Oil  and  Blown  Oils.  The  following 
tests  are  made  to  determine  whether  blown  oils  are  present  in  a 
mixture  of  fatty  oil  and  mineral  oil: 

♦  Chem.  Rev.,  16,  45  (1909). 
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TABLE 
Examination  of 


Engler 

Rise  in 

viscosity 

U-tube 

Sample 

Specific 

gravity 

at  16° 

Pensky 
flash 
point 

Burning 
point 

Acid 
value 

At 
20° 

At 
60* 

°C. 

Mm. 

1 

28.2 

6.7 

0.9177 

-3 
-6 

19 
0 

164° 

255° 

2.24 

Oil  clear 

2 

49.0 

7.6 

0.9710 

-16 
-20 

20 
10 

177° 

262* 

1.80 

Oil  clear 

Saponi- 

fiable 

fat, 

percent 


26 


15 


1.  Solubility  of  the  Separated  Fatty  Acids  in  Petroleum  Ether. 

The  fatty  acids  of  unchanged  oils,  excepting  those  of  castor  oil 
which  is  easily  characterized,  dissolve  entirely  or  almost  so. 
Acids  from  blown  oils  because  of  their  high  content  of  oxy-acids 
(see  table)  give  a  precipitate,  more  or  less  large,  depending  upon 
the  time  and  temperature  of  blowing.  Such  precipitates  are  also 
given  by  spontaneously  oxidized  linseed  and  fish  oils,  the  presence 
of  which  is  however  easily  shown. 

2.  The  Reichert-Meissl  Value  shows  the  presence  of  the  vola- 
tile acids  formed  in  the  blowing  of  the  oils.  See  page  346.  Cer- 
tain fats  (cocoanut  oil,  palm  nut  oil  and  butter  fat,  as  well  as  several 
fish  oils),  which,  however,  are  practically  never  found  in  lubricating 
oils,  also  have  high  Reichert-Meissl  values. 

3.  In  some  instances  it  may  be  possible  to  draw  conclusions 
regarding  the  presence  of  blown  oil  from  the  viscosity  of  the  oil 
mixture  and  from  the  mineral  oil  separated  from  the  material  by 
the  method  of  Spitz  and  Honig.  The  unblown  fatty  oils  with  the 
exception  of  castor  oil  have  an  Engler  viscosity  of  at  most  15  at  20° 
(cottonseed,  9-10,  rape,  11-15,  generally  near  13).  If  the  viscosity 
of  a  mixture  is  30,  that  of  the  separated  mineral  oil  20,  the  increase 
in  the  value  by  10  points  cannot  be  caused  by  normal  oil,  but  must 
be  due  to  blown  oil;  this  assumes  the  absence  of  thickening  ma- 
terials such  as  soaps,  gelatine,  etc.  The  amount  of  blown  oil  in  a 
mixture  is  determined  indirectly  according  to  Spitz  and  Honig. 
A  calculation  from  the  saponification  value  is  not  always  possible 
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93 

Two  Marine  Oils 


Properties  of  the  separated  fatty  acids 

Lead  salts 
of  fatty 

acids  solu- 
ble in 
naphtha 

Mineral 

oil, 
percent 

• 

Iodine 
value 

Molecu- 
lar 
weight 

Reichert- 
MeisBl 
value 

Per  cent  of 

oxy-acids 

insoluble  in 

petroleum 

ether 

Composition 

74 

80.7 

272.7 

8.05 

15.3 

Completely 

soluble  in 

ethyl  ether 

About  1  brownish-yel- 
low, heavy  mineral 
machine  oil  and  J 
blown  rape  oil 

86 

75.9 

272.4 

5.04 

15.6 

The  same 

About  85  per  cent 

brownish-yellow  heavy 

mineral  machine  oil 

and  15  per  cent  blown 

rape  oil 

since  these  constants  have  too  great  a  range.  In  Table  93  are 
given  the  properties  of  two  mixtures  of  mineral  oil  with  blown  rape 
oil. 

The  method  of  Sherman  and  Falk  *  to  determine  the  original  iodine  value 
of  the  oil  blown  has  been  tested  by  Marcusson  in  the  case  of  mixtures  of  mineral 
oils  and  blown  oils  (marine  oils).  For  every  increase  of  0.001  at  15.5°  in  the 
specific  gravity  as  referred  to  the  original  oil  a  positive  correction  of  0.8  in  the 
iodine  value  is  made;  if  the  original  specific  gravity  is  not  known,  the  average 
value  for  that  kind  of  oil  is  used. 

From  the  iodine  value  of  the  water-insoluble  acids  separated  from  the  mix- 
ture (of  which  the  blown  oils  contain  about  90  per  cent),  the  iodine  value  of  the 
blown  oils  is  calculated  by  multiplying  by  V-  The  unknown  specific  gravity  x 
of  the  blown  oil  in  the  mixture  can  be  calculated  from  the  specific  gravity  (a) 
of  the  mixture  and  from  that  of  the  separated  mineral  oil  (b)  as  well  as  the  per 
cent  of  mineral  oil  (c)  and  per  cent  of  fatty  oil  (d)  as  follows: 


100 


b^x 


x  = 


(«0<6)M 


(100)(6)  -  (a)(c) 


As  the  average  specific  gravity  of  the  oil  from  which  the  blown  material  is 
obtained  is  taken  0.919  (rape  at  15°  0.913-0.917;  cottonseed  0.922-0.925). 
From  the  calculated  specific  gravity  and  the  determined  iodine  value  i  of  the 
sample  of  blown  oil,  the  iodine  value  of  the  original  oil  J  is  found  as  follows: 


J=*  + 


[ 


QS  -  0.919) 
0.001 


](0.8). 


*  Jour.  Amer.  Chem.  Soc,  May,  1905. 
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Marcusson  found  that  the  iodine  values  thus  calculated  were  8-10  unite  under 
the  lowest  values  of  rape  oil  (96);  since  furthermore  the  lowest  for  cottonseed 
(102)  and  the  highest  for  rape  oil  (105)  were  so  close  together,  it  would  appear 
that  the  method  can  be  used  only  as  a  confirmation  of  the  lead  soap  method, 
or  to  determine  whether  other  oils  are  present. 

L.  Sod  Oil.    Degras 

I.  General 

Under  the  terms  degras  *  and  moellon  are  understood  the  fats 
used  in  currying  bark-tanned  and  chrome-tanned  leather;  it  was 
formerly  obtained  as  a  waste  fish-oil  product  in  the  process  of 
making  chamois  leather  but  is  now  made  in  special  degras  fac- 
tories. Hides  from  which  the  hair  has  been  removed  and  which 
have  been  made  to  swell  by  an  acid_  fermentation  are  drenched 
with  oil  (whale,  cod-liver  or  menhaden),  worked  in  a  fulling 
machine  for  three  hours  and  then  exposed  to  the  air  for  the 
same  length  of  time.  This  operation  is  repeated  until  the  skin 
is  saturated  with  oil  and  the  water  driven  out.  The  fish  oil 
oxidizes  somewhat  under  the  influence  of  the  air;  to  bring  about 
more  complete  change,  a  further  fermentation  is  allowed  to  take 
place.  If  the  oxidation  process  goes  on  for  some  time  (German 
and  English  method),  no  more  oil  can  be  pressed  out  of  the  skins. 
To  obtain  the  degras,  the  skins  are  washed  with- alkaline  solu- 
tions; from  the  emulsion  thus  obtained,  the  fat  is  separated  by 
means  of  sulphuric  acid,  the  product  always  containing  consid- 
erable amounts  of  water,  soap  and  impurities,  such  as  fragments 
of  skin,  etc.  By  the  French  method  the  skins  are  not  fulled, 
aired  or  allowed  to  ferment  so  long  as  in  the  method  described. 
Consequently  by  dipping  the  skin  into  lukewarm  water,  consider- 
able amounts  of  oil  can  be  pressed  out.  The  moellon  thus  ob- 
tained contains  little  ash  or  fragments  and  less  water  than  the 
above. 

Both  kinds  of  material  form  homogeneous  emulsions  with  oil 
and  water;  the  emulsifying  body,  the  so-called  degras-former,  a 
resinous,  brown  acid,  insoluble  in  petroleum  ether,  soluble  in  alcohol 
and  ethyl  ether,  is,  as  Fahrion  has  shown,  a  mixture  of  oxidized 
acids  and  their  anhydrides.  The  melting  point  of  these  acids  is, 
according  to  Jean,  65-67°. 

*  The  term  degras  is  much  used  in  the  United  States  to  cover  the  recovered 
wool  grease  obtained  in  the  scouring  of  wool. 
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The  changes  which  the  fish  oils  undergo  in  the  formation  of  de- 
gras  consist  in  the  increase  of  the  specific  gravity  from  0.916-0.938 
to  0.921-0.984,  of  the  amount  of  the  degras-former,  that  is  the 
amount  of  petroleum  ether-insoluble  oxy-acids  (original  fish  oils 
0.9-3.4,  oxidized  1.7-1Ö.4  per  cent),  of  the  acid  value  up  to  28,  and 
in  a  lowering  of  the  iodine  value.  Qualitatively  these  changes 
correspond  to  the  changes  which  blown  oils  undergo  (page  430); 
therefore  degras  is  made  artificially  by  blowing  air  into  heated  fish 
oils,  and  such  products  are  displacing  the  materials  prepared  as 
described  above. 

II.  Examination 

A  commercial  degras  should,  according  to  Wallenstein,  contain 
more  than  5  per  cent  of  ctegras-former  and  less  than  20  per  cent 
water,  a  good  moellon,  more  than  10  per  cent  of  degras-former  and 
not  more  than  20  per  cent  water.  In  the  examination  it  is  to  be 
remembered,  as  Proctor  pointed  out,  that  moellon  is  almost  never 
sold  pure  but  always  mixed  with  tallow  and  untreated  oil;  these 
additions,  if  present  in  small  amount,  can  hardly  be  considered  as 
adulterations.  On  the  other  hand  there  are  found  on  the  market 
many  more  or  less  skillfully  prepared  mixtures  (artificial  degras) 
of  untreated  fish  oil,  of  fish  oil  oxidized  at  higher  temperatures  by 
air,  tallow,  rosin,  oleic  acid,  wool  fat,  mineral  oil,  etc. 

(a)  Water.  Determined  according  to  page  22.  In  heating 
to  105-110°  oxidation  and  volatilization,  with  consequent  con- 
siderable errors,  may  result.  The  amount  of  water  in  the  sod  oil 
may  range  from  20  to  40;  in  the  moellon  from  15  to  25  per  cent; 
Allen  *  states  that  "  artificial"  degras  has  a  content  of  from  10 
to  12  per  cent. 

(6)  Fat  Content  is  determined  by  exhaustive  extraction  of  the 
sample  with  petroleum  ether,  filtration  and  drying  of  the  solution 
thus  obtained,  evaporation  of  the  solvent,  drying  and  weighing  of 
the  residue. 

(c)  The  Residue  Obtained  in  (b)  is  Tested  for  Unsaponifiable 
Matter  according  to  page  326.  Suspicion  as  to  the  presence  of 
foreign  unsaponifiable  matter  is  aroused  if  more  than  2  per  cent  is 
found;  the  nature  of  this  material  is  determined  by  the  methods 
of  page  170  and  following. 

*  Chem.  Rev.,  18,  25  (1906). 
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(d)  Resinous  Substances  (Degras-formers)  are  determined 
by  the  method  on  page  354  (due  to  Fahrion).  Besides  having  a 
low  melting  point,  they  can  be  distinguished  from  colophony  by 
their  insolubility  in  petroleum  ether  and  by  not  giving  the  Mor- 
awski  reaction. 

(e)  Foreign  Bodies,  such  as  wool  fat,  oleic  acid,  tallow,  may  be 
present  if  the  specific  gravity  of  the  fat  obtained  according  to  (6) 
is  less  than  0.92,  since  the  fat  obtained  from  "  natural "  degras  has 
the  density  0.945-0.955.  Furthermore  in  the  presence  of  larger 
amounts  of  tallow,  the  melting  point  of  the  fatty  acids  is  raised 
(fatty  acids  from  tallow  melt  above  40°,  acids  from  degras  between 
18°  and  30°).  Wool  fat  is  detected  by  means  of  the  higher  alco- 
hols (see  page  444) ;  colophony  is  detected  according  to  page  147. 

(/)  Ash  is  determined  by  burning  with  a  wick  of  filter-paper 
(page  157).  Moellon  contains  several  hundredths  of  a  per  cent, 
degras  as  high  as  3  per  cent,  of  ash.  Samples  containing  iron 
oxide  give  a  grey  color  to  the  leather,  consequently  iron  should 
always  be  tested  for;  and  a  sample  should,  according  to  Maschke 
and  Wallenstdsin,  jxot  contain  more  than  0.05  per  cent  of  iron. 

M.  Linoleum 

I.  General 

Linoleum  is  an  elastic  material  pressed  on  jute  fiber  and  prepared 
by  mixing  highly  oxidized  linseed  oil  with  ground  cork,  pine  resin, 
Kauri  copal,  etc.  The  oxidation  of  the  oil  is  accomplished  by 
leading  air  or  oxygen  into  heated 'oil;  boiling  with  nitric  acid  is 
said  to  bring  about  the  same  result.  The  oxidized  oil  is  changed 
to  linoxyn  by  warming  with  chalk.* 

II.  Chemical  Examination 

The  ash  shows  the  presence  of  considerable  amounts  of  inorganic 
filling  material;  incompletely  oxidized  linseed  oil  or  the  presence 
of  foreign  oils  is  shown  by  finding  how  much  material  is  soluble  in 
ether,  in  chloroform  and  in  carbon  disulphide,  in  which  sufficiently 
oxidized  linseed  oil  is  almost  completely  insoluble.  By  treatment 
with  boiling  alcoholic  alkali,  linoxyn  can  be  changed  into  soluble 
potassium  salts  of  oxidized  fatty  acids.  To  test  its  wearing  quali- 
ties the  action  of  water,  dilute  acids,  alkali,  soap,  oils,  petroleum 

*  Kunststoffe,  1912, 131. 
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and  turpentine  on  the  material  is  tried.  According  to  Pinette  * 
three  samples  freed  from  the  fabric  and  varnish  had  the  following 
composition: 


• 

Percent 

Moisture 

3.0-3.4 
10.6-19.58 
54.16-73.63 
3.99-4.3 
2.04-9.07 
1.79-8.86 

0.6-4.94 

Ether  soluble  portion 

Ether  insoluble  portion 

Silica 

Lime  and  alkali  oxides 

Iron  oxide 

Aluminum  oxide 

III.  Mechanical  Testing 

More  important  than  the  little  developed  chemical  examination 
is  the  more  practical  testing  of  the  material  as  to  its  extensibility, 
its  ability  to  be  bent  and  its  permeability  to  water.  Normalf 
values  for  determining  the  value  of  a  linoleum  are  not  yet  estab- 
lished. 


N.  Iodized  Fats 

Iodized  fats  are  prepared,  according  to  patented  processes,  by  the 
firm  of  E.  Merck,  Darmstadt,  and  the  Aktiengesellschaft  für 
Anilinfabrikation,  Berlin,  by  treating  semi-drying  oils  with  an 
amount  of  iodine  chloride  or  hydriodic  acid  insufficient  for  complete 
saturation.  They  are  to  be  used  as  substitutes  for  cod-liver  oils, 
the  therapeutic  value  of  which  is  ascribed  to  their  small  iodine 
content,  and  are  said  to  help  in  cases  of  asthma,  arterio-sclerosis, 
scrofula,  etc.  Sajodin,  prepared  by  E.  Fischer,  is  the  potassium 
salt  of  iod-behenic  acid  and  is  one  of  the  most  used  of  these  prepa- 
rations. The  testing  of  these  materials  must  of  necessity  be 
largely  a  physiological  one;  the  chemical  tests  are  restricted  to  the 
determination  of  the  amount  of  iodine  and  the  ease  of  splitting 
off  iodine.  The  value  is  supposed  to  increase  with  the  amount  of 
iodine  contained  and  its  ability  to  be  absorbed  and  then  be  split  in 
the  body.  The  determination  of  chlorine  in  the  presence  of  iodine 
is  carried  out  as  in  the  regular  qualitative  procedures. 

♦  Chem.  Ztg.,  16,  281  (1892). 
t  Burchartz,  17,  285  (1899). 
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O.  Rubber  Substitutes 
I.  Prepakation  and  Properties 

By  the  term  "faktis"  is  meant  a  rubber  substitute  prepared 
from  fatty  oils  (particularly,  linseed,  wood,  rape,  cottonseed  and 
castor  oils),  either  by  heating  with  sulphur  (brown  faktis)  or  by 
the  action  of  sulphur  monochloride  (white  faktis).  White  faktis 
is  a  faint  yellow,  crumbly  elastic  mass  of  somewhat  oily  odor; 
brown  faktis  is  dark  brown,  like  rubber,  but  more  easily  disinte- 
grated. 

The  formation  of  these  rubber  substitutes  takes  place  with  the 
addition  of  either  sulphur  monochloride  or  sulphur;  the  constitu- 
tion of  these  bodies  has  been  pictured  as  follows:* 

X-CH-CHCl-y 

f 

X  -  CH  -  CHCi  -  y 
X-CH-CH-y 

i  i 

X-CH-CH-y 


White  Faktis 


Brown  Faktis 


The  white  material  contains  6-8  per  cent  of  sulphur,  with  an 
equivalent  amount  of  chlorine;  the  brown,  15-18  per  cent,  in  some 
cases  4-6  per  cent  of  sulphur.  Both  products  are  completely 
saponifiable  with  a  formation  of  sulphurized  fatty  acids;  in  the 
saponification,  the  chlorine  is  split  off  from  the  white  faktis  as 
hydrogen  chloride  with  the  formation  of  another  double  bond. 

II.  Examination 

Many  of  the  rubber  substitutes  found  on  the  market  contain, 
besides  sulphur  or  chlorine  addition-products,  some  inorganic  com- 
ponents, mineral  oils  and  most  of  them  also  unsulphurized  fatty 
oils;  a  good  preparation  should  contain,  f  at  most  3  per  cent  of  ash, 
not  more  than  1  per  cent  of  free  sulphur  and  no  large  amounts  of 
mineral  oil.  The  external  appearance  should  not  be  greasy.  The 
examination  is  like  that  of  rubber.}  Allen  states  that  good  rubber 
substitutes  sometimes  contain  paraffin  besides  mineral  oil. 

*  Henriques,  Ztschr.  f.  angew.  Chem.,  8,  601  (1895). 

t  Lunge-Berl,  1911,  Bd.  Ill,  847. 

J  Hinrichsen,  Materialprüfungswesen,  606. 
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By  extraction  with  acetone  in  a  Soxhlet,  the  amount  of  free  sul- 
phur, fatty  oil  and  mineral  oil  can  be  determined;  the  faktis  is 
insoluble  in  acetone.  In  the  extract,  the  fatty  oil  and  mineral  oil 
are  quantitatively  determined  according  to  page  161 ;  the  amount 
of  sulphur  can  be  determined  in  the  extract  (and  in  the  part  insoluble 
in  acetone)  according  to  pages  172  and  225;  chlorine  according 
to  page  173.    Ash  is  determined  by  cautious  ignition. 

P.  Black  (Recovered)  Oil 

This  material*  is  prepared  from  the  waste  grease  of  woolen 
mills  found  under  the  carding  and  scribbling  machines,  being 
pressed  or  extracted  with  solvents.  This  oil  contains,  besides  the 
oil  used  to  oil  the  wool,  some  mineral  oil  from  that  used  for  lubri- 
cation.   The  latter  is  determined  according  to  page  326. 

•  Lewkowitoch,  2,  790. 


CHAPTER  VII 

WAXES 

I.  Composition 

The  true  fats  and  oils  are  glyceryl  esters,  while  waxes  contain 
no  glycerine.  The  waxes  are  esters  of  high  molecular  fatty  acids 
with  alcohols,  in  part  aliphatic,  in  part,  aromatic;  in  them  are 
found,  however,  free  fatty  acids,  free  alcohols  and  hydrocarbons; 
for  example,  beeswax  contains  considerable  free  cerotic  acid, 
C28H62O2,  the  main  component  myricyl  palmitate,  CieH3i(VCjiHM, 
besides  high  melting  hydrocarbons.  Chinese  wax  contains  mainly 
ceryl  cerotate,  C^HsiO  •  C20H58. 

The  acids  occurring  in  waxes  appear  to  have  an  even  num- 
ber of  carbon  atoms.*  Spermaceti  is  mainly  cetyl  palmitate, 
Ci6Hji02  •  Ci«Hsi.  With  the  exception  of  the  liquid  waxes  (sperm 
oil  and  bottlenose  oil)  all  waxes,  on  boiling  with  alcoholic  potash 
and  subsequent  treatment  with  water,  give  a  cloudiness  or  a  pre- 


TABLE 
Constants  of  the 


Specific 
gravity, 
15" 

Solidifica- 
tion point, 

•c. 

Saponifica- 
tion 
value 

Iodine  value 

Reichertr 

Of  the 
oil 

Of  the 
fatty 
acids 

Metes! 
value 

Sperm  oil, 

Spermasetiol, 

Pottwaltran, 

Huile  de  spermaceti 

0.8799- 
0.8835 

Not  much 
under  0° 

120-137 
(150) 

81-87 
(W) 

83-88 

1.3 

Arctic  sperm  oil, 

Bottlenose  oil, 

Doglingtran 

0.8784- 
0.8808 

126-130 
(138) 

67.1-84.5 

80-82 

1.4 

*  Henriques,  Ztechr.  f.  angew.  Chem.,  11,  368 

440 


(1898). 


WAXES 


441 


cipitate,  since  the  higher  alcohols  are  only  slightly  soluble  in  the 
resulting  aqueous  soap  solution. 

On  heating  the  waxes,  since  they  are  not  glycerides,  no  acrolein 
odor  will  develop  (see,  however,  sperm  oil).  The  saponification 
values  of  all  waxes  are  decidedly  lower  than  those  of  the  glycerides 
because  of  the  large  amount  of  unsaponifiable  alcohols  contained 
(see  Table  94).  With  fats  15  minutes  heating  is  sufficient,  with 
waxes  at  least  an  hour  is  required  for  saponification  (regarding  the 
use  of  xylol  as  a  solvent  for  saponification,  see  page  448). 

II.  Special  Properties  of  Liquid  Waxes 
The  odor,  taste  and  several  color  reactions  of  liquid  waxes  are 
much  like  those  of  fish  oils;  their  origin  being  similar,  the  former 
are  sometimes  mistaken  for  the  latter.  To  distinguish  between 
the  two,  the  large  amount  of  unsaponifiable  matter  in  the  waxes 
(35-40  per  cent)  as  well  as  the  low  specific  gravity  (0.875-0.883  for 
waxes  as  against  0.915-0.937  for  fish  oils)  will  serve  to  characterize 
the  waxes. 

The  solid  waxes  with  the  exception  of  wool  fat  consist  principally 
of  saturated  compounds;  the  liquid  waxes,  however,  are  com- 
pounds of  unsaturated  alcohols  of  the  CnH2»0  series  with  unsatu- 
rated fatty  acids.    Recently,  there  has  been  found  *  in  sperm  oil 


04 

Liquid  Waxes 


Hehner 
value 


60-64 


61.7 


Melting 

Solidifica- 

point of 

tion  point 

the  fatty 

of  the 

acids 

fatty  acids 

13.  3-21. 4 

» 
16.1, 

Titer  test 

11.1-11.9 

10.3-10.8 

10.1» 

(16.1) 

Titer  test 

o. 9—0.0 

Main  components 


Esters  of  fatty  acids 
(60-64  per  cent)  .oleic 
(?)  series,  and  36- 
41.5  per  cent  high 
moleoular  m  o  n  a- 
tomic  alcohols  pro- 
vided that  oil  was 
not  pressed  too 
much. 


Esters  of  fatty  acids 
(oleic  acid  series) 
and  32-43  per  cent  of 
monatomic  alcohols 
of  high  molecular 
weight. 


Other  properties 


Faint  odor  of  fish  oil.  Engler 
viscosity  6.6-7.05  at  20°.  Melting 
point  of  the  higher  alcohols  26.5- 
27.5  (Lewkowitsch),  32.5  (Fend, 
ler)  Iodine  value  64.6-65.8.  The 
higher  alcohols  are  insoluble  in 
water,  soluble  in  alcohol. 


Has  faint  fish  oil  odor,  tendency 
to  become  resinous.  Melting 
point  of  the  higher  alcohols  23.5- 
26.5°.  Iodine  value  64.8-65.2. 
The  higher  alcohols  act  towards 
solvents  as  do  those  of  sperm  oil. 


Fendler,  Chem.  Ztg.,  29,  555  (1905). 
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1.32  per  cent  of  glycerine  (equivalent  to  13.2  per  cent  of  glyceride). 
The  two  liquid  waxes,  sperm  oil  and  arctic  sperm  oil,  are  bard  to 
distinguish  chemically;  industrially  the  arctic  sperm  oil  is  easily 
recognized  by  its  characteristic  taste.  Sperm  oil  is  a  valuable 
lubricant  for  spindles  and  light  machinery,  since  it  does  not  easily 
become  rancid,  does  not  resinify  on  the  bearings  and  its  viscosity 
decreases  only  with  a  rise  in  temperature;  arctic  sperm  oil  resini- 
fies  more  easily  and  is  therefore  not  valued  so  highly. 

Detection  of  Additions.  The  comparatively  high  price  of 
sperm  oil  leads  to  adulterations  with  fatty  oils  and  mineral  oils. 
The  former  are  detected  by  the  increase  in  specific  gravity  and 
saponification  value;  the  latter  qualitatively  by  the  saponifica- 
tion test  of  page  326,  quantitatively  according  to  page  327  by 
treatment  of  the  unsaponifiable  matter  with  acetic  anhydride. 
An  addition  of  arctic  sperm  oil  to  sperm  oil  can  probably  not  be 
detected. 


III.  Properties  op  Solid  Vegetable  Waxes 

TABLE  95 


Specific 

gravity, 

15° 

Solidifica- 
tion 
point, 
°C. 

Saponi- 
fication 
value 

Iodine 

value 

of  the 

wax 

Main  components 

Other  properties 

Garnauba 

wax, 
Camauba- 

wcch$, 
Ore  de  earn- 

iiube 

0.000- 
0.000 

Fresh 
80-81, 
old  86-87, 
melt*  ac- 
cording to 
age  from 
83  to  01 

70-86.5 

10.1- 
13.5 

Myricyl  aloohol,  myr- 
icyl  oerotate,  little 
cerotic  acid,  55  per 
cent  unsaponifiable 

Green  crude,  white 
when  purified;  give 
characteristic  odor 
on  burning.  Sap- 
onified with  diffi- 
culty by  akoho&e 
potash. 

Flax  wax, 

0.007 

102 

0.6 

Stearic        palmitic, 
oleio,  linotic,  lino- 
lenic,     isolinolenio 
acids,  oeryl  aloohol, 
phytoeterin,    55-65 
per  cent  hydrocar- 
bons and  an  alde- 
hydio  body  in  81 
per  cent  unsaponi- 
fiable material 

FlacXswacks, 
Ore  de  tin 

Candelilla 
wax* 

0.036 
0.083 
0.003 

63.8-64.5, 

melting 

point 

67-68 

55-64 

37 

01.2  per  cent  unsapon- 
ifiable; 6.6  per  cent 
fatty    acids;     0.34 
per  cent  ash 

Acid  value  12, 10,  21; 
ratio  1.6-1.0.  Ob- 
tained in  Mexico 
from  PedUanthus 
Pavanis,  substitute 
for  carnauba  wax. 

*  Harre  and  Bjerragaard,  Zeit.  f.  angew.  Cham.,  1*10, 471.    Niederstadt,  Seifensiedentg.,  UU, 
1145. 
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IV.  Pboperties  of  Solid  Animal  Waxes 

TABLE  96 


Specific 

gravity, 

16° 

Solidifica- 
tion 
point, 
"C. 

Saponi- 
fication 
value 

Iodine 

value 

of  the 

wax 

Main  components 

Other  properties 

Cetin, 

Spermaceti, 

Walrat 

0.945- 
0.960 

42-47 

melts 

42-45 

(«) 

123-135 

3.8 

Cetyl  palmitate  and 
small  amounts  of 
the    glycerides    of 
lauric,       myristio, 
and  palmitic  acids, 
53.45  per  cent  fatty 
acids. 

Easily  soluble  in  hot 
alcohol.         Easily 
saponified    by    al- 
coholic potash. 

Crystalline  structure. 

Wool  fat, 

Wollfett, 

Suint 

0.941- 
0.970 

Fatty  acids 

40, 

they  melt 

between 

31  and  42 

82-130 

15-29, 

iodine 

value  of 

the 

fatty 

acids 

17 

Free  fatty  acids,  es- 
ters of  fatty  acids 
and  high  molecu- 
lar monatomic  al- 
cohols.    43-52    per 
cent  unsaponifiaDle 
bodies  (cervl  alco- 
hol,      Cholesterin, 
etc.    Iodine  value 
of  the  unsaponifi- 
able  26.4-36,  melt- 
ing point  33.5) 

Brown  dirty  yellow 
fat,  odor  of  sheep;  to 
be   obtained  light 
yellow  or  white  by 
refining      (lanolin, 
etc.).    Can  be  rub- 
bed into  salve  with 
water.    It  can  be 
detected   in  other 
fats    by    its    high 
content  of  unsapon- 
ifiable       alcohols, 
Cholesterin  and  iso- 
cholesterin. 

Beeswax, 

Bienenxoax, 
Ore  des 
abeüles 

0.958- 
0.967 
(0.975) 

Melts 

between 

63-64 

(70) 

91-98 

8-11 

Mixture    of    cerotic 
acid,  myricyl  pal- 
mitate  and    solid 
hydrocarbons 

Acid     value     19-21, 
ester    value    72-76 
(81),  ratio  (Hubl) 
3.6-3.8.    52-55    per 
cent  of  higher  al- 
cohols ana  hydro- 
carbons.     Hydro- 
carbons   have    io- 
dine value  22.* 

Insect  wax, 
Chinese  wax, 
Insektenwacks, 
Chinesisches 

wachs. 
Ore  d'insectes 

0.926- 
0.970 

80.5-81.0 

melting 

point 

80-83 

78-93 

1.4 

Cervl    cerotate   and 

other  esters. 
51.5   per   cent   fatty 

acid 

Little  soluble  in  alco- 
hol, ether  and  pe- 
troleum ether.  Yel- 
low white  in  color 
and  crystalline 
structure. 

*  According  to  Ahrens  and  Hett,  12.7-17.5  per  cent.  The  melting  point  of  the  total  unsaponi- 
fiable  matter  is  72-78°,  after  acetylation,  52°-64°;  completely  soluble  in  hot  acetic  anhydride  but 
almost  completely  insoluble  cold.  Paraffin  and  ceresine  do  not  have  a  changed  melting  point 
after  acetylation. 


V.  Testing  of  Wool  Fat 

(a)  General.  Wool  fat  is  obtained  by  extraction  of  raw  wool 
with  volatile  solvents,  such  as  naphtha,  benzol,  carbon  disulphide, 
or  by  scouring  the  wool  with  soap  solutions,  or  with  dilute  ammo- 
nium or  sodium  carbonate  solutions,  these  solutions  being  then 
acidified  with  sulphuric  acid.  In  the  crude  state,  it  is  a  greasy, 
ill  smelling,  yellow  or  brown  mass.  After  removal  of  the  free  acids 
and  the  soaps  from  the  raw  fat  by  various  (patented)  processes, 
the  refined  wool  fat,  sometimes  called  lanolin  or  alapurin,  is  ob- 
tained. It  is  white  or  pale  yellow,  translucent,  of  salve-like  con- 
sistency and  almost  odorless;  it  takes  on  over  100  per  cent  water 
with  the  formation  of  permanent  emulsions. 
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(6)  Composition.  It  is  a  complicated  mixture  of  esters  and 
higher  alcohols.  The  fatty  acids  consist  mainly  *  of  palmitic  and 
cerotic,  small  amounts  of  oleic,  stearic  and  volatile  acids.  Myris- 
tic  and  carnaubic  acids  (as  well  as  oxy-acids),  lanoceric  C30H60O4 
and  lanopalmic  C16H32O3  are  also  said  f  to  occur;  the  presence  of 
the  oxy-acids  has  however  recently  been  questioned.  The  alco- 
hols (43-52  per  cent)  consist  mainly  of  Cholesterin,  of  melting 
point  148.4-150.8°,  and  iso-cholesterin,  of  melting  point  137-138°. 

(c)  Examination.    The  color  reactions  1  and  2  for  recognition 

of  wool  fat  are  given  by  the  Cholesterin  and  iso-cholesterin  present. 

» 

1.  Liebennann  Reaction.    One  quarter  gram  of  fat  is  mixed  with  3  c.c.  of 

acetic  anhydride,  filtered,  and  the  filtrate  treated  with  1  drop  of  cone,  sulphuric 
acid;  a  red  to  brown  color  develops,  which  rapidly  changes  to  dark  green. 
This  reaction  must  not  be  confused  with  that  given  by  rosin  and  rosin  oils  (pages 
147  and  163);  with  these  substances  the  red-violet  color  changes  into  an  un- 
certain brown. 

2.  Hagar-Salkowski  Reaction.  One  quarter  of  a  gram  of  wool  fat  in  10  c.c. 
of  chloroform  is  shaken  with  10  c.c.  of  cone,  sulphuric  acid.  The  acid  assumes 
a  blood  red  color  and  shows  a  strong  green  fluorescence.  The  color  persists 
for  days. 

3.  Water  to  be  determined  as  on  page  22. 

4.  Acid  Value  is  to  be  determined  according  to  page  144  with 
about  4  grams  of  fat. 

5.  Saponification  Value.  Wool  fat  contains  small  amounts  of  esters  t 
which  are  split  only  under  the  influence  of  2  N  alkali  and  under  pressure  at  105°, 
the  main  portion  being  changed  under  normal  pressure.  The  saponification 
value  is  determined  by  two  hours  boiling  on  a  water  bath  with  N/2  alkali;  the 
titration  should  be  made  hot,  for  otherwise  difficultly  soluble  potassium  salts 
may  separate  and  influence  the  sharpness  of  the  end-point. 

6.  The  Iodine  Value  is  to  be  determined  according  to  page  351 
with  a  0.5  gram  sample. 

7.  Unsaponifiable  Alcohols.  These  higher  alcohols  cannot  be 
separated  from  the  fatty  acids  by  the  method  of  Spitz  and  Honig, 
for  wool-fat  soaps  are  decidedly  soluble  in  naphtha. 

2  grams  of  wool  fat  with  25  c.c.  of  N  alcoholic  potash  are  heated  for  3  hours 
in  a  bomb-tube  at  105°  (brine  bath),  the  solution  washed  with  alcohol  into  an 
evaporating  dish,  neutralized  (Phenolphthalein)  and  then  heated  to  boiling, 
after  driving  off  the  alcohol  with  50  c.c.  of  water.  A  10  per  cent  excess  (cal- 
culated from  the  saponification  value)  of  calcium  chloride  solution  is  then 

*  Sanctis,  Gazz.  chim.  ital.,  24,  14  (1894). 

t  Darmstädter  and  Lifschütz,  Ber,  20,  618,  1474,  2890  (1896). 

t  Herbig,  Din.  Poly.  Jour.,  292,  42-66. 
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added  at  70°  to  75°  in  a  thin  stream  and  with  constant  stirring  to  the  soap  solu- 
tion; after  diluting  with  two  volumes  of  water,  adding  also  a  few  c.c.  of  alco- 
holic potash,  the  calcium  salts  separating  cold  are  filtered  off  with  suction  and 
washed  with  cold  alcohol  (1 :  20)  till  the  filtrate  is  free  from  chlorides.  The 
filter  with  contents  is  dried  at  least  48  hours  in  a  vacuum  desiccator  to  remove 
water  completely,  then  extracted  in  a  Soxhlet  with  freshly  distilled  acetone; 
the  extract  is  dried  1  hour  at  105°  and  weighed.  The  extract  should  be 
neutral  and  ash  free.  The  substances  thus  obtained  are  to  be  characterized 
as  alcohols  by  solution  in  two  volumes  of  hot  acetic  anhydride  (on  cooling,  the 
solution  will  be  at  first  clear,  but  on  longer  standing  crystalline,  non-oily 
material  will  separate),  by  their  complete  solubility  in  two  volumes  of  slightly 
warmed  absolute  alcohol,  by  iodine  value  (about  30),  by  melting  point  (about 
33),  by  color  reactions  (1  and  2)  and  perhaps  by  determining  the  acetyl  value. 

8.  Foreign  Unsaponifiables.  Paraffin,  mineral  oil  and  rosin  oil  are 
weighed  with  the  higher  alcohols  (as  under  7).  They  separate  (after  boiling 
with  acetic  anhydride  and  then  cooling)  as  a  layer  on  top  of  the  anhydride. 
These  bodies  are  determined  quantitatively  by  repeated  leaching  with  acetic 
anhydride,  and  weighing  the  undissolved  material  after  washing  out  the  acetic 
anhydride;  of  course  not  exactly,  since  even  paraffin,  mineral  oil  and  rosin  oil 
are  soluble  (mineral  oil  almost  8  per  cent,  hard  paraffin  almost  not  at  all,  soft 
paraffin  only  in  traces). 

9.  Foreign  Saponifiable  Fats  are  recognized  by  their  glycerine 
content,  this  being  determined  according  to  page  402  (method  of 
Benedikt  and  Zsigmondi).  Any  acetone  present  from  the  process 
would  also  be  oxidized  to  oxalic  acid  and  should  be  removed  by 
previous  steam  distillation;  or  another  method  may  be  used 
(Shukoff). 

10.  Rosin.  Rosin  cannot  be  detected  by  the  Morawski  reaction,  since  the 
Cholesterin  present  will  itself  give  an  intense  color  reaction  with  acetic  anhy- 
dride and  sulphuric  acid.  If,  because  of  high  acidity  and  the  sticky  nature  of 
the  extract  prepared  with  70  per  cent  alcohol,  rosin  is  suspected,  an  ether  solu- 
tion of  the  fat  is  extracted  with  N/10  soda,  the  extract  acidified  and  the  sepa- 
rated acids  tested  by  the  Morawski  reaction. 

VI.  Wool-fat  Distillates 

(a)  Wool-fat  Oleins.  1.  General  Properties.  Wool-fat 
oleins  are  obtained  by  distillation  of  the  crude  material  with 
superheated  steam,  then  separating  the  solid  components  by  cold 
pressing. 

They  are  yellow  to  red-brown,  in  part  green,  in  part  blue  fluores- 
cent oils  with  an  odor  like  that  of  wool  fat;  specific  gravity  be- 
tween 0.90  and  0.92.  The  characteristic  reactions  for  Cholesterin, 
etc.,  Hagar-Salkowski  and  the  Liebermann,  are  given  by  these 
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materials.  Components  naturally  occurring  in  wool-fat  oleins  are 
free  fatty  acids  (40-60  per  cent,  cerotic,  carnaubic,  lanoceric,  lano- 
palmic  acids),  saturated  and  unsaturated  hydrocarbons,*  small 
amounts  of  undecomposed  esters  and  free,  higher  alcohols.  Wool- 
fat  oleins  are  used  as  cheap  material  for  oiling  wool  before  spinning, 
also  for  preparing  consistent  machinery  greases. 

2.  Analysis.  The  value  of  the  fat  is  decidedly  affected  by  the 
unsaponifiable  matter,  since  it  is  washed  out  of  the  wool  only  with 
difficulty  and  consequently  gives  rise  to  spots  and  streaks. 

3  grams  of  the  olein  are  heated  3  hours  with  25  c.c.  of  2  N  KOH  in  a  sealed 
tube  at  105°  (brine  bath).  The  unsaponifiable  is  extracted  f  by  the  method 
of  Spitz  and  Honig  and  the  extract  boiled  for  two  hours  under  a  reflux  with 
acetic  anhydride  to  separate  the  higher  alcohols.  The  portion  insoluble  in 
acetic  anhydride,  after  washing  with  hot  water,  has  the  appearance  of  light 
machinery  oil,  but  may  be  distinguished  from  this  by  the  following  reactions 
of  the  unsaponifiable  hydrocarbons  of  the  wool-fat  hydrocarbons: 

They  give  the  Hagar-Salkowski  and  the  Liebermann  reactions  very  sharply. 

They  have  an  optical  rotatory  power  ofaz>=s4-180to4-  28°  (mineral 
oils  not  over  2.2°). 

They  absorb  considerable  iodine  (Waller  iodine  value  50-80;  mineral  oils 
generally  less  than  6,  rarely  over  14). 

A  simple  test  t  is  given  by  the  solubility  in  alcohol.  5  c.c.  of  olein  are  shaken 
with  5  c.c.  of  a  mixture  of  ethyl  and  methyl  (1 : 9)  alcohols  at  20°;  in  this  way 
most  of  the  oleins  free  from  mineral  oils  dissolve  clear  or  with  only  faint  tur- 
bidity. If,  however,  10  per  cent  of  mineral  oil  is  present,  the  solution  becomes 
milky  and  after  standing  oily  drops  appear.  If  the  solution  remains  clear, 
mineral  oil  is  absent.    By  this  test  20  per  cent  of  rosin  oil  may  also  be  detected. 

The  unsaponifiable  matter  separated  by  the  method  of  Spitz  and  Honig  is 
further  tested;  in  the  absence  of  rosin  oil,  it  has  an  index  of  refraction  of  1.49- 
1.51  (like  mineral  oil);  if  rosin  oil  is  present,  the  index  is  higher.  Rosin  oil 
also  raises  the  specific  gravity  (0.97-0.98,  olein  0.905-0.912). 

Rosin  which  is  sometimes  added  as  an  adulteration  is  detected  qualita- 
tively by  the  Morawski  reaction;  quantitatively  according  to  page  147.  In 
making  the  Morawski  test,  it  is  important  that  the  unsaponifiable  matter  in 
the  olein  be  first  separated  (since  it  gives  the  Liebermann  reaction  which  is 
very  similar  to  the  Morawski  one)  and  the  test  made  with  the  acids  obtained 
from  the  soap  solution.  These  give  no  red-violet  color  with  oleins  free  from 
rosin. 

*  See  Gill  and  Forrest,  Jour.  Amer.  Chem.  Soc.t  32, 1071  (1910);  and  Mar- 
cusson,  Ztschr.  fur.  angew.  Chem.,  25,  2577  (1912). 

t  When  the  unsaponifiable  is  being  extracted  from  the  crude  wool  fat,  it  is 
advisable  to  extract  the  potassium  salts  with  acetone  (page  444) ;  with  distil- 
lates, this  is  not  necessary  since  after  distillation  there  are  no  acids  present 
which  might  give  soaps  soluble  in  naphtha. 

%  Winterfeld  and  Mecklenburg,  Mitteilungen,  28,  471  (1910). 
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(6)  Salve-like  Wool-fat  Distillate  (Marcusson  and  Skopnik) 
results  when  the  portion  of  the  wool-fat  distilling  with  steam  be- 
tween 300°  and  310°  crystallizes,  the  olein  being  then  drained  off. 
The  product  is  white  to  pale  yellow,  with  solidification  point  under 
45°;  it  is  used  as  soap  stock  and  in  making  lubricating  greases. 

It  contains  16-33  per  cent  of  unsaponifiable  matter,  which  is 
like  that  of  wool-fat  olein,  but  having  a  lower  rotatory  power 
( [a]  d  =  + 12.5°  to  20°)  and  a  higher  iodine  value  (60-70) .  It  further- 
more contains  40-60  per  cent  of  solid  acids  of  melting  point  41-47°, 
of  iodine  value  10-15  and  of  molecular  weight  258-267;  it  also 
contains  20-25  per  cent  of  liquid  fatty  acids  of  the  iodine  value 
43-48  and  molecular  weight  270-302. 

The  examination  of  the  salve-like  wool-fat  distillates  is  made 
very  much  in  the  same  manner  as  in  the  case  of  the  oleias;  it  must 
be  remembered  that  the  rotatory  power  of  the  unsaponifiable  part 
of  unadulterated  wool-fat  distillates  may  go  as  low  as  12.5°  and 
that  the  solid  acids  interfere  with  the  methyl-ethyl  alcohol  solu- 
bility test. 

(c)  Wool-Fat  Stearine  is  obtained  with  olein  by  subjecting 
the  cooled  products  of  steam  distillation,  which  pass  above  310°,  to 
200  atmospheres  pressure;  a  dark  yellow  mass,  melting  over  45°, 
with  the  odor  of  wool  fat  is  obtained.  It  is  used  in  stuffing  leather 
(belting),  for  the  preparation  of  waterproof  packages,  etc.  It  is 
not  used  as  a  soap  stock.  It  lacks  crystalline  structure  and  gives 
the  Liebermann  reaction.  It  contains  32-42  per  cent  of  unsa- 
ponifiable materials  (with  an  iodine  value  47-56  and  a  rotatory 
power  of  +24°  to  +31°)  besides  58-68  per  cent  of  solid  fatty  acids 
(of  melting  point  60-67°,  iodine  value  about  10  and  the  molecular 
weight  318-382). 

VII.  Analysis  of  Beeswax 

(a)  General«  The  crude  material  obtained  by  melting  of  the 
comb  is  generally  yellow,  sometimes  grey  or  reddish  brown,  brittle, 
granular,  tasteless  and  having  the  odor  of  honey.  To  prepare 
white  wax,  the  crude  wax  is  remelted  with  water,  then  bleached  in 
sunlight  after  the  addition  of  3-5  per  cent  of  tallow  or  small 
amounts  of  turpentine;  the  material  is  first  either  granulated  or 
pulled  into  threads  or  ribbons.  The  additions  according  to  C. 
Engler  act  as  oxygen  carriers.  White  wax  is  odorless,  translucent 
at  the  edges  and  denser  than  yellow  wax. 
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(6)  Examination.  Beeswax  is  often  adulterated  with  pow- 
dered mineral  matter  as  well  as  with  tallow,  stearic  acid,  Japan 
wax,  carnauba  wax,  rosin,  paraffin  and  ceresine.  Before  analysis, 
the  sample  must  be  leached  free  from  honey  by  boiling  with  water 
and  then  filtering  through  a  hot  water  funnel.  Mineral  adulter- 
ants remain  on  the  paper. 

Its  specific  gravity  is  0.963-0.970  at  15°,  0.818-0.822  at  98-100°; 
melting  point  63-64°.  Of  great  importance  is  the  determination 
of  the  ratio  of  the  acid  value  to  the  ester  value,  which  is  constant 
within  narrow  limits  (3.6-3.8  with  yellow  wax,  3.0-4.0  with  white 
wax  (see  Table  96,  page  443). 

The  following  method  is  used  to  saponify  *  wax  completely: 

4  grams  are  boiled  with  20  c.c.  of  xylol  and  20  c.c.  of  absolute  alcohol  under 
a  reflux  condenser,  using  an  asbestos  gauze  with  small  flame.  The  hot  liquid 
is  immediately  titrated  with  N/2  alcoholic  potash.  After  the  acid  value  has 
been  thus  determined,  90  c.c.  of  N/2  alcoholic  potash  are  added  and  the  mix- 
ture kept  vigorously  boiling  for  1  hour.  Then  50-75  c.c.  of  96  per  cent  neu- 
tralized alcohol  are  added,  heated  for  5  minutes  and  then  rapidly  titrated  with 
N/2  hydrochloric  acid;  after  again  boiling  for  5  minutes,  the  solution  is  titrated 
to  the  final  end-point.  The  acid  and  ester  values  and  the  ratio  of  these  two 
quantities  of  the  substances  to  be  considered  are  given  in  Table  97. 

TABLE  97 


Add  value 

Ester  value 

Ratio 

Beeswax 

19-21 

4-8 

0 

20 

10 

130-164 

200 

72-76 

76 

0 
195 
185 
16-36 

0 

3.6-3.8 

Carnauba  wax 

9.5-15.5 

Paraffin,  ceresine 

Japan  wax 

0 
9.75 

Tallow 

18.50 

Rosin 

0.13-0.26 

Stearic  acid 

0 

Hiibl  draws  the  following  conclusions  from  the  ratios: 

1.  If  the  ratio  for  a  wax  is  between  3.6  and  3.8,  and  the  sa- 
ponification value  is  less  than  72,  paraffin  or  ceresine  must  be 
present. 

2.  If  the  ratio  is  greater  than  3.8,  Japan  wax,  carnauba  wax  or 
tallow  may  be  present.  With  an  acid  value  under  20,  Japan  wax 
is  absent;  with  a  ratio  under  3.8,  stearic  acid  or  colophony  are 
probably  present. 

*  Berg.  Pharm.  Zentralh.,  1906,  230;  Bohrisch  and  Kürschner,  ibid.,  1910, 
No.  25/26. 
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With  artificially  bleached  waxes  the  above  values  do  not  hold. 
With  beeswax  from  East  Asia  *  acid  values  6.3-9.0,  ester  values 
85.5-99.5,  with  ratios  9.9-14.9,  were  obtained,  these  being  quite 
abnormal;  these  waxes  were,  however,  obtained  from  another 
species  of  bee,  Apis  indica.  Waxes  from  southern  Asia  gave  acid 
values  17.5-23.7,  ester  values  69.6-84.9,  ratios  2.9-4.5;  other 
waxes  also  showed  abnormalities.  Recently  waxes  from  Tunis 
were  frequently  found  in  Germany  and  these,  though  unadulter- 
ated, had  the  ratio  3.9-4.5  f.  It  must  furthermore  be  remembered 
that  wax-like  mixtures  can  be  easily  prepared,  which,  although 
free  from  beeswax,  have  the  normal  ratio.  Such  a  mixture,  for 
example,  can  be  prepared  by  melting  together  37.5  parts  of  Japan 
wax,  6.5  parts  of  stearic  acid  and  6.5  parts  of  paraffin  or  ceresine. 
In  cases  of  doubt  therefore  the  determination  of  the  ratio  is  not 
sufficient;  it  must  be  checked  by  one  or  more  of  the  following 
tests: 

1.  Glycerides,  such  as  tallow,  are  determined  by  estimation 
of  the  glycerine,  according  to  page  396. 

2.  Stearic  Acid  is  detected  by  heating  3  grams  of  wax  with  10  c.c.  of  80  per 
cent  alcohol,  cooling  with  stirring,  filtering  the  clarified  extract  and  precipita- 
ting the  dissolved  material  with  water.  Under  these  conditions  stearic  acid 
only  will  separate;  the  cerotic  acid  present  in  beeswax  is  precipitated  com- 
pletely when  the  alcoholic  solution  is  cooled.  It  is  said  that  by  this  test  1  per 
cent  of  stearic  acid  can  be  detected  in  a  wax.  Colophony,  however,  acts  like 
stearic  acid,  but  can  be  detected  according  to  5. 

It  is  also  possible  to  neutralize  the  alcoholic  extract  with  alcoholic  sodium 
hydroxide,  extract  the  unsaponifiable  from  the  50  per  cent  alcoholic  solution, 
precipitate  the  stearic  acid  from  the  soap  solution  and  then  characterise  the 
stearic  acid  by  its  molecular  weight  and  its  melting  point.  In  this  case,  the 
commercial  Stearine  may  be  supposed  to  have  a  molecular  weight  of  276  and  a 
solidification  point  of  53-57°;  crude  cerotic  acid  has  a  molecular  weight  over 
396,  melting  point  78-82°. 

3.  Carnauba  Wax  increases  the  specific  gravity  of  the  wax  and 

its  melting  point,  insect  wax,  however,  only  the  melting  point  (see 
Tables  95  and  96). 

4.  Paraffin  and  Ceresine.  As  little  as  5  per  cent  of  these  bodies  t  may  be 
found  through  the  insolubility  of  unsaponifiable  matter  of  pure  waxes  in 
glycerine. 

By  heating  5  grams  of  wax  with  25  c.c.  of  N/2  alcoholic  potash  for  one  hour, 

*  Berg.  Chem.  Ztg.,  31,  537  (1907). 
t  Chem.  Ztg.  Rep.,  22,  235  (1898). 
t  Weinwurm,  Chem.  Ztg.,  21,  519  (1897). 


450  CHEMISTRY  OF  0115 

evaporating  the  alcohol,  wanning  the  residue  on  a  water  bath  with  20  o.e.  of 
pure  glycerine  and  theo  adding  100  c.c.  of  boiling  water,  pure  beeswax  will 
give  &  more  or  less  transparent  or  translucent  solution  through  which  ordinary 
type  may  be  easily  read;  in  the  presence  of  5  per  cent  paraffin  or  ceresine  the 
solution  is  cloudy  and  the  type  no  longer  visible;  with  S  per  cent,  a  precipitate 
will  be  obtained.  In  the  presence  of  carnauba  wax  or  insect  wax,  a  cloudiness 
will  develop  even  in  the  absence  of  paraffin  and  ceresine;  these  waxes  can  be 
detected  according  to  3.  The  precipitates,  forming  on  the  addition  of  hot 
water  to  the  saponified  wax,  may  be  due  to  paraffin,  or  to  other  causes,  accord- 
ing to  Buchner.*  The  spongy  precipitate  is  remelted  with  water,  dried,  boiled 
two  hours  under  a  reflux  condenser  with  acetic  anhydride  and  allowed  to  cool. 
If  a  wax-like  layer  forms  on  the  top  of  the  clear  liquid,  only  paraffin  is  present; 
if  the  entire  mass  has  set  to  a  network  of  crystals  without  a  wax-like  layer  on 
top,  then  only  alcohols  are  present;  while  if  a  wax- 

Ilike  layer  is  found  on  top  of  a  mass  of  crystals,  both 
alcohols  and  paraffin  are  present. 

Paraffin  or  ceresine  may  be  approximately 
determined  by  changing  the  fatty  alcohols 
into  fatty  acids  t  by  heating  with  soda-lime. 
The  hydrocarbons  are  not  attacked  by  this 
method;  beeswax  is  said  to  contain  12.7-7.5 
per  cent  of  hydrocarbons. 

To  1  gram  of  wax  melted  in  a  hard  glass  test  tube 

(20  by  2  cm.)  are  added  3.5-4  grams  of  granulated 

potassium  hydroxide,  previously  dehydrated  in  a  silver 

dish  (Fig.  115);  the  wax  is  immediately  absorbed  by 

the  alkali.    Two  grams  of  potassa-lime  are  added  and 

the  tube  is  closed  with  a  stopper  carrying  a  glass  tube 

for  leading  off  any  gas.    The  tube  is  then  heated  to 

260°  in  a  copper  oven  till  no  more  gss  bubbles  will 

Fro.  115.  P888  through  the  glass  tube,  the  end  of  which  is 

dipping  below  water  (3-4  hours).    When  cool,  3  c.c. 

of  water  are  added  to  the  porous,  fused  mass  and  then  after  stoppering,  it  is 

heated  for  two  hours  to  100°  in  order  to  soften  the  material;  the  mixture  is 

then  transferred  to  a  porcelain  dish,  the  last  portions  being  removed  from  the 

tube  with  dehydrated  gypsum.    The  material  is  powdered,  dried  1-2  hours, 

again  powdered  and  then  extracted  with  ether,  this  solution  is  dried,  the  sol- 

vent  evaporated  and  the  residue  weighed. 

To  separate  the  unsaponinable  hydrocarbons  in  beeswax  from 
the  alcohols,  use  is  made  of  the  insolubility  of  the  hydrocarbons  { 

*  Ztschr.  f.  öffentlich.  Chem. 

t  Buisine,  Ahrens  and  Hett,  Ztschr.  f.  öffentl.  Chem.,  1899,  91. 

t  Leys,  Jour.  Pharm,  et  Phys.,  6,  577  (1912);  Chem.  Zentralb.,  1913,  II, 
456.    A  glass  flask  with  neck  inserted  tangentislly  is  described. 
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in  a  mixture  of  fuming  hydrochloric  acid  and  amyl  alcohol,  in 
which  myricyl  alcohol  is  soluble. 

Ten  grams  of  wax  are  heated  20  minutes  with  25  c.c.  of  alcoholic  N/l  potash 
and  50  c.c.  of  benzol  under  a  reflux,  the  lower  alcoholic  layer  being  then  drawn 
off,  the  benzol  solution  boiled  10  minutes  with  50  c.c.  of  water,  the  lower  layer 
being  added  to  the  main  portion  of  soap  solution.  After  the  solvent  has  been 
evaporated  from  the  benzol  solution,  the  residue  is  dissolved  in  a  tall  beaker 
in  100  c.c.  of  amyl  alcohol  and  100  c.c.  of  fuming  hydrochloric  acid,  heated  to 
boiling  with  stirring  and  then  allowed  to  cool  slowly.  On  cooling,  the  wax 
alcohols  separate  in  a  crystalline  condition,  while  the  hydrocarbons  are  in- 
soluble even  when  the  solution  is  hot  and  collect  on  the  top  as  a  cake  which  can 
easily  be  lifted  off.  This  cake  can  be  treated  in  the  same  way  as  just  described 
to  remove  the  last  traces  of  myricyl  alcohol.  The  hydrocarbons  and  the 
alcohols  can  then  be  weighed  separately. 

5.  Colophony  can  be  qualitatively  detected  in  the  extract 
made  with  70  per  cent  alcohol  by  the  Morawski  reaction  (quanti- 
tative determination,  see  page  147). 
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Thermometer  Corrections 

For  the  lower  temperature  of  the  protruding  thread  of  mercury. 
By  direct  experiment  *. 

The  corrections  are  for  thermometers  of  Jena  or  Weber-Friedricha 
glass. 

n  =  length  of  protruding  thread  in  thermometer  degrees. 
t  —  t°  =  difference  in  the  observed  temperature  of  the  thread 
and  of  the  surrounding  air;  this  latter  is  to  be  de- 
termined with  a  thermometer  protected  from  the 
heat.     It  is  supported  with  its  bulb  at  the  height 
of  half  the  length  of  protruding  thread  at  a  distance 
of  1  dem.  from  the  main  thermometer. 
The  corrections  in  the  table  are  to  be  added  to  the  observed 
reading  of  the  main  thermometer. 


TWmonMUr  «nth  ineloted  «ok  (OtoMO').    Lnatta  ol defrwa 0.» to  1 . 1  mm. 


*  Rimbach,  Zeit  f.  Instrumentenkunde  10,  135  (1890). 
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TABLE  09 

Reduction  of  Weight  to  Vacuum  *. 
To  the  weight  in  air  P  is  added  the  correction 

where 

d  =  specific  gravity  of  the  substance  weighed, 
d\  =  specific  gravity  of  the  weights, 

6  =  density  (weight  of  1  c.c.  in  grams)  of  air  during  the  weigh- 
ing (approximately  5  =  0.0012). 

In  the  following  table  R  =  10006  I -\  —  -r)  for  bodies  having  a 

specific  gravity  between  0.70  and  1.35,  using  either  platinum- 
iridium  weights  (di  =  21.55)  or  brass  weights  (di  =  8.4).    The 

PR 

weight  in  a  vacuum  is  therefore  P  +  ttj™  • 


R 

R 

4 

platinum« 
iridium 
weight« 

R 

brass 

weights 

d 

platinum- 
indium 
weights 

R 

brass 

weights 

0.70 

+1.66 

+1.57 

0.96 

+1.20 

+1.10 

0.72 

1.62 

1.52 

0.98 

1.17 

1.08 

0.74 

1.67 

1.48 

1.00 

1.14 

1.06 

0.76 

1.53 

1.44 

1.02 

1.12 

1.03 

0.78 

1.48 

1.40 

1.04 

1.10 

1.01 

0.80 

1.44 

1.36 

1.06 

1.08 

0.99 

0.82 

1.41 

1.32 

1.08 

1.06 

0.97 

0.84 

1.38 

1.28 

1.10 

1.04 

0.95 

0.86 

1.34 

1.25 

1.15 

0.99 

0.90 

0.88 

1.31 

1.22 

1.20 

0.94 

0.86 

0.90 

1.28 

1.19 

1.25 

0.90 

0.82 

0.02 

1.25 

1.16 

1.30 

0.87 

0.78 

0.94 

1.22 

1.13 

1.35 

0.84 

0.74 

*  Landolt-Börnstein-Roth,  15, 
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TABLE  100 

Density  op  Water* 

Between  10  and  25°  (Hydrogen  Scale) 


One-tenth  degrees 

Degree 

0 

l 

2 

3 

4 

6 

6 

7 

8 

9 

10 

0.999    727 

718 

709 

700 

691 

681 

672 

662 

652 

642 

11 

632 

622 

612 

601 

591 

580 

569 

558 

547 

536 

12 

525 

513 

502 

490 

478 

466 

454 

442 

429 

417 

18 

404 

391 

379 

366 

353 
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326 

312 

299 

285 

14 

271 

257 

243 

229 

215 

200 

186 

171 

156 

141 

15 

126 
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096 

081 
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050 

034 

018 

002 

♦986 

16 

0.998  970 

953 

937 

920 

904 

887 

870 

853 

836 

819 

17 

801 

784 

766 

749 

731 

713 

695 

677 

659 

640 

IB 

622 

603 

585 

566 

547 

528 

509 

490 

471 

451 

19 

432 

412 

392 

372 

352 

332 

312 

292 

271 

251 

20 
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189 
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126 
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083 

062 

040 

21 

019 

♦997 

*975 

*953 

♦931 

♦909 

♦887 

♦864 

♦842 

♦819 

22 

0.997  797 

774 

751 

728 

705 

682 

659 

635 

612 

588 

28 

565 

541 

517 

493 

469 

445 

421 

396 

372 

347 

2* 

323 

298 

273 

248 

223 

198 

173 

147 

122 

096 

26 

071 

045 

019 

♦994 

♦968 

♦941 

♦915 

♦889 

♦863 

♦836 

*  Referred  to  water  of  4°  as  unity,  Londoft-Börnstein-Roth,  42. 

TABLE  101 

Volume  and  Weight  Per  Cent  op  Aqueous  Alcohol  ♦ 

v/o= volume  per  cent,    g/o— weight  per  cent 


v/o 

9/0 

1 

1 

9/0 

v/o 

9/0 

v/o 

9/0 

v/o 

9/0 

0 

0.00 

21 

17.10 

42 

35.16 

68 

55.17 

84 

78.22 

1 

0.81 

22 

17.94 

48 

36.05 

64 

56.19 

86 

79.43 

2 

1.62 

28 

18.78 

44 

36.95 

66 

57.21 

86 

80.65 

8 

2.42 

24 

19.61 

46 

37.86 

66 

58.24 

87 

81.88 

4 

3.22 

26 

20.45 

46 

38.77 

67 

59.28 

88 

83.13 

5 

4.02 

26 

21.29 

47 

39.69 

68 

60.32 

89 

84.39 

6 

4.83 

27 

22.13 

48 

40.61 

69 

61.37 

90 

85.67 

7 

5.63 

28 

22.98 

49 

41.54 

70 

62.43 

91 

86.97 

8 

6.44 

29 

23.83 

50 

42.48 

71 

63.50 

92 

88.30 

9 

7.25 

80 

24.69 

61 

43.42 

72 

64.58 

93 

89.65 

10 

8.06 

81 

25.54 

62 

44.37 

73 

65.67 

94 

91.02 

11 

8.87 

82 

26.40 

68 

45.32 

74 

66.76 

96 

92.42 

12 

9.68 

88 

27.26 

64 

46.28 

76 

67.86 

96 

93.85 

18 

10.49 

34 

28.12 

66 

47.24 

76 

68.97 

97 

95.31 

14 

11.31 

86 

28.98 

66 

48.21 

77 

70.09 

96 

96.82 

16 

12.13 

86 

29.86 

67 

49.18 

78 

71.22 

99 

98.38 

16 

12.95 

87 

30.73 

68 

50.16 

79 

72.37 

100 

100.00 

17 

13.78 

88 

31.61 

69 

51.15 

80 

73.52 

IB 

14.61 

89 

32.49 

60 

52.15 

81 

74.68 

19 

15.44 

40 

33.37 

61 

53.15 

82 

75.85 

20 

16.27 

41 

34.26 

62 

54.16 

88 

77.03 

*Landolt-Bornstetn-Roth,  305. 
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TABLE  102 

Density  of  Mixtures  of  Alcohol  and  Water  (d  15/4)  According  to 

the  Per  cent  by  Weight* 

0= substance  in  100  gms.  solution.    Calculated  by  the  Imperial  Kaiser  1. 
Normal-Eichungskommission  from  the  experiments  of  Mendeleeff . 

(0/0= weight  per  cent) 


g/o 

dI5/4 

g/o 
21 

*15/4 

g/o 
41 

<*15/4 

9/0 
61 

1 

<U5/4 

g/o 

1  81 

415/4 

1 

0.99725 

0.96956 

0.93692 

0.89296 

0.84533 

2 

0.99544 

22 

0.96829 

42 

0.93489 

62 

0.89064 

1  82 

0.84285 

3 

0.99368 

23 

0.96699 

43 

0.93284 

63 

0.88832 

I  S3 

0.84035 

4 

0.99198 

24 

0.96566 

44 

0.93076 

64 

0.88599 

1  84 

0.83784 

5 

0.99034 

25 

0.96429 

45 

0.92866 

65 

0.88366 

1  85 

0.83532 

6 

0.98877 

26 

0.96290 

46 

0.92654 

66 

0.88132 

:  86 

0.83277 

7 

0.98726 

27 

0.96145 

47 

0.92439 

67 

0.87898 

87 

0.83019 

8 

0.98581 

28 

0.95997 

48 

0.92223 

68 

0.87662 

88 

0.82760 

9 

0.98443 

29 

0.95844 

49 

0.92005 

69 

0.87426 

89 

0.82497 

10 

0.98308 

30 

0.95687 

50 

0.91785 

70 

0.87189 

I  90 

0.82233 

11 

0.98177 

31 

0.95525 

51 

0.91565 

71 

0.86952 

91 

0.81965 

12 

0.98050 

32 

0.95360 

52 

0.91342 

72 

0.86714 

92 

0.81692 

13 

0.97925 

33 

0.95190 

53 

0.91118 

73 

0.86475 

93 

0.81417 

14 

0.97803 

34 

0.95016 

54 

0.90893 

74 

0.86235 

94 

0.81137 

15 

0.97683 

35 

0.94838 

55 

0.90667 

75 

0.85995 

1  95 

0.80853 

16 

0.97563 

36 

0.94656 

56 

0.90441 

76 

0.85754 

!  96 

0.80564 

17 

0.97443 

37 

0.94470 

57 

0.90214 

77 

0.85512 

1  87 

0.80269 

18 

0.97324 

38 

0.94281 

58 

0.89985 

78 

0.85268 

i  98 

0.79971 

19 

0.97203 

39 

0.94087 

59 

0.89756 

79 

0.85024 

1  99 

0.79666 

20 

0.97080 

40 

0.93891 

60 

0.89526 

80 

0.84779 

100 

0.79356 

*  Landolt-Börneteia-Roih,  801. 
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TABLE  103 

Expansion  of  Mixtures  or  Ethyl  Alcohol  and  Water* 

(0/0= weight  per  cent) 


g/o 

40/15t 

rf  10/15 

d  15/15 

d  20/15 

4  80/16 

0 

1.00072 

1.00058 

1.00000 

0.99912 

0.99663 

1 

0.99875 

0.99866 

0.99812 

0.99724 

0.99481 

2 

0.99690 

0.99682 

0.99630 

0.99543 

0.99302 

3 

0.99514 

0.99507 

0.99454 

0.99367 

0.99128 

4 

0.99350 

0.99340 

0.99284 

0.99198 

0.98957 

5 

0.99196 

0.99179 

0.99120 

0.99034 

0.98789 

10 

0.98558 

0.98478 

0.98393 

0.98283 

0.97994 

15 

0.98074 

0.97896 

0.97768 

0.97618 

0.97249 

20 

0.97638 

0.97346 

0.97164 

0.96962 

0.96500 

25 

0.97158 

0.96749 

0.96513 

0.96255 

0.95697 

30 

0.96572 

0.96054 

0.95770 

0.95464 

0.94822 

35 

0.95848 

0.95243 

0.94920 

0.94579 

0.93871 

40 

0.94999 

0.94324 

0.93973 

0.93605 

0.92851 

45 

0.94044 

0.93319 

0.92947 

0.92565 

0.91783 

50 

0.93009 

0.92254 

0.91865 

0.91473 

0.90670 

55 

0.91916 

0.91145 

0.90746 

0.90344 

0.89524 

60 

0.90794 

0.90007 

0.89604 

0.89193 

0.88355 

65 

0.89659 

0.88853 

0.88443 

0.88023 

0.87168 

70 

0.88504 

0.87685 

0.87265 

0.86838 

0.85967 

75 

0.87326 

0.86497 

0.86070 

0.85637 

0.84751 

80 

0.86119 

0.85285 

0.84852 

0.84413 

0.83517 

85 

0.84879 

0.84039 

0.83604 

0.83164 

0.82263 

90 

0.83579 

0.82737 

0.82304 

0.81867 

0.80972 

95 

0.82185 

0.81349 

0.80923 

0.80494 

0.79619 

96 

0.81892 

0.81058 

0.80634 

0.80207 

0.79338 

97 

0.81594 

0.80762 

0.80339 

0.79914 

0.79052 

98 

0.81291 

0.80460 

0.80040 

0.79617 

0.78762 

99 

0.80982 

0.80153 

0.79735 

0.79315 

0.78468 

100 

0.80667 

0.79840 

0.79425 

0.79006 

0.78169 

*  Lftndolt-Börnstoiii-Roth,  803. 
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TABLE  104 
Heating  Liquids* 


Name 


Methyl  formate 

Ethyl  ether 

Ethyl  bromide 

Carbon  bisulphide . . , 

Acetone 

Chloroform , 

Methyl  alcohol 

Carbon  tetrachloride 

Ethyl  acetate 

Ethyl  alcohol 

Benzol 

Acetonitrile 

Propyl  alcohol 

Ethyl  propionate 

Water 

Toluol 

Pyridin 

Chlorbenzol 

m-Xylol 

Anisol 

Brombenzol 

Dimethyl  oxalate 

Phenol 

Anilin 

Benzonitril 

Acetophenone 

Nitrobenzol 

Naphthalene 

Di  phenyl 

Diphenylmethan 

a-Brom-napthalene. 
Phthalic  anhydride . . 

Benzophenon 

Anthracene 

Triphenylmethan 

Anthraquinone 

Sulphur 


Boiling  point 
at  760  mm., 

•c. 


31.75 
34.60 
38.40 
46.3 
56.1 
61.20 
64.70 
76.75 
77.15 
78.4 
80.2 
81.60 
97.20 
99.10 
100.00 
110.7 
115.50 
132.00 
139.2 
153.80 
156.15 
163.3 
181.5 
184.40 
191.30 
201.5 
210.85 
217.7 
254.9 
260.5 
279.6 
284.5 
305.4 
351.0 
358.0 
380.0 
444.53 


Chance  of 

temperature 

for  1  mm. 

change  of 

pressure, 

•c. 


0.034 

0.036 

0.036 

0.042 

0.030 

0.035 

0.030 

0.044 

0.041 

0.034 

0.043 

0.030 

0.038 

0.040 

0.0375 

0.042 

0.044 

0.049 

0.052 

0.048 

0.053 

0.047 

0.050 

0.051 

0.054 

0.060 

0.048 

0.059 

0.061 

0.067 

0.065 

0.068 

0.065 

0.068 

0.069 

0.075 

0.082 


Price  for 

lkilo 

mark  (KK35) 


13.20 

2.20 

6.60 

3.50 

1.90 

2.70 

8.50 

4.00 

3.60 

3.15 

3.30 

100.00 

19.00 

39.00 

2.80 

40.00 

11.00 

15.50 

35.00 

19.00 

22.80 

1.00 

4.00 

88.00 

30.30 

3.40 

1.00 

150.00 

140.50 

16.00 

14.00 

90.00 

200.00 

200.00 

28.70 

1.50 


*  Landolt-BÖrnatein-Roth«  S27. 
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Abel  flash  point  apparatus,  58,  136. 

Abietic  acid,  147. 

Absorption  of  bromine,  418. 

Absorption  of  fats  in  body,  299. 

Absorption    of    iodine    (see    iodine 

value). 
Absorption  of  oxygen,  152,  206,  357. 
Acetic  acid,  286,  293. 
Acetin  method  for  glycerine,  396. 
Acetone  in  varnish,  416. 
Acetylation,  353. 
Acetyl  saponification  value,  354. 
Acetyl  value,  353,  361,  363,  365,  367, 

369. 
Acheson  graphite,  95. 
Acid  amides,  281. 
Acid  content,  143. 
Acid,  free  mineral,  145. 
Acid,   free   organic    (see   also    fatty 
acids), 
in  boiled  oils,  412. 
in  crude  fats,  341. 
in  glycerine,  395. 
in  greases,  191. 
in  lubricating  oils,  143. 
in  water-soluble  oils,  198. 
Acidity,  143. 
Acid  number,  143. 
Acid  resins,  229. 
Acid  sludge,  231. 
Acid  value,  143. 
of  crack  distillates,  216. 
of  dark  and  light  oils,  144. 
*  of  fat-pitches,  216. 
of  fats,  341. 
of  kerosene,  65. 
of  lignite-tar  pitches,  216. 
of  montan  wax,  250. 


Acid  value,  of  petroleum  residues,  216. 
of  resins,  426,  428. 
of  waxes  and  their  adulterants,  448. 
Acrolein,  391. 
Acrolein  test,  391,  394. 
Ader  wax,  243. 
Adipic  acid,  4. 
Adipocere,  8. 
Air-compressor  oils,  176. 
Air-cooling,  25. 
Alapurin,  443. 
Albertite,  283. 
Alcohol  candles,  279. 
Alcohol-flotation  method,  99. 
Alcohol,  in  varnishes/  416. 

in  water-soluble  oils,  198. 
Alcohols,  high  molecular,  162. 
high   molecular,    separation,    162, 

340. 
separation  of  high  molecular,  from 
mixtures  of  fatty  and  mineral 
oils,  327. 
Alcohol-solubility  of  kerosene,  70. 
Alcohols,   unsaponifiable  from  Wool 

grease,  444. 
Alcohol-water  mixtures,  density  of, 
456. 
expansion  of,  456. 
volume  and  weight  per  cent  of,  455. 
Alcoholysis,  302. 
Alkali,  free,  in  glycerine,  394. 
in  lubricating  oils,  143, 145. 
in  soaps,  387,  388. 
in  transformer  oils,  84. 
Alkali  soaps,  198. 
Alkyl-sulphuric  acids,  230. 
Almond  oil,  362. 
Alsatian  crude  petroleum,  1,  2. 
Amber,  426. 


465 


466 


INDEX  OF  SUBJECTS 


Amides    of    fatty    acids    (see    acid 

amides). 
Amino-acids,  9. 
Ammonia,  286. 
Ammonium  soaps,  198. 
Ammonium  soaps  in  resins,  429. 
Ammonium  sulphoichthyolicum,  283. 
Amyl  acetate,  416. 
Amyl  acetate  lamp,  66. 
Amyl  alcohol  in  varnishes,  416. 
Anilides    of    fatty    acids    (see    acid 

amides). 
Animal  fats  and  oils,  287,  368,  370. 

detection  of  vegetable  fats  in,  338, 
341. 
Anthracene  oil,  259. 
Anthraquinone  test,  221. 
Antifluorescents,  168. 
Apricot-kernel  oil,  362. 
Aquadag,  95. 

Arachidic  acid,  293,  304,  328. 
Arachidic  acid,  separation,  328. 
Arachis  oil  (see  peanut  oil),  290,  304, 

328. 
Argentine  crude  petroleum,  1. 
Aromatic  hydrocarbons,  in  naphtha, 
49. 

in  crude  petroleum,  3. 
Arctic  sperm  oil  (see  bottlenose  oil). 
Artificial  sulphurization,  224. 
Asellic  acid,  370. 
Ash  content,  of  asphalt,  234,  242. 

of  glycerine,  394. 

of  kerosene,  65. 

of  lubricating  oils,  157. 
Asphalt,  allowable  content,  170. 

artificial,  208. 

ash,  234. 

Bermudez,  235. 

cement,  227,  241. 

content,  33. 

Derna,  224,  236,  237. 

differentiation      from      petroleum 
pitch,  239. 

distillation  residues,  237. 

ductility  of,  213. 

formation,  33. 

from  petroleum,  207. 


Asphalt,  hard,  34. 
in  petroleum  pitch,  223,  225. 
insoluble,  in  alcohol-ether,  170. 
in  amyl  alcohol,  36. 
in  butanon,  36. 
in  ethyl  acetate,  36. 
naphtha,  34. 
mastic,  223,  238. 
natural,  33,  207,  234. 
penetration  test,  212. 
putty,  414. 

quantitative  determination  in  coal- 
tar  pitch,  241. 
resins,  33. 
rock  powder,  227. 
soft,  34. 

sulphur  content,  224. 
suspended,  34,  170. 
Asphaltenes,  234. 
Astatki,  86. 
Autoclave  process  of  saponification, 

376. 
Automobile  benzol,  86. 
Automobile  gasoline,  43,  51,  85. 
Automobile  oils,  178. 
Axle  grease,  195. 
Azelaic  acid,  296. 

Baku  crude  petroleum,  1. 

Barometric  height,  effect  on  distilla- 
tion, 45. 

Baudouin  test  for  sesame  oil,  333, 
384. 

Bayberry  oil  (see  laurel  oil). 

Bean  oil  (see  soja  bean  oil). 

Beech-nut  oil,  264. 

Beech-wood  tar,  166. 

Beef  tallow,  368. 

Beeswax,  316,  440,  443,  447. 

Behenic  acid,  293. 

Bending  test,  281. 

Beniseed  oil  (see  sesame  oil). 

Ben  oil,  293. 

Benzine  (see  naphtha). 

Benzol  hydrocarbons  in   crude   pe- 
troleum, 3. 

Benzol,  commercial,  259. 
for  automobiles,  86. 
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Benzol  in  naphtha,  49. 

in  turpentine,  424. 

unsaturated  bodies  in,  259. 
Bermudez  asphalt,  235. 
Berthelot  bomb,  17. 
Bettendorf  's  reagent,  334,  423. 
Bieber's  reagent,  362,  367. 
Biolith,  7. 

Biologic  test  for  fats,  337. 
Bitumen,  amount  in  lignite,  269. 

definition,  207. 

determination,  228. 

nature  of,  228. 
Bituminous  materials,  227. 
Bituminous  shales,  282. 
Björklund's  ether  test,  363. 
Black  fish  oil  (see  dolphin  oil). 
Black  mustard  seed  oil,  364. 
Black  (recovered)  oil,  439. 
Blast-furnace  tar,  253. 
Bleaching  of  fatty  oils,  289. 
Blown  cottonseed  oil,  354,  430. 
Blown  rape  oil,  354,  430. 
Blubber  oils,  370. 
Boghead  coal,  267. 
Boiled  (linseed)  oil,  410. 
Bomb,  Berthelot,  17. 
Boiling  point,  of  mineral  oik,  140. 

of  turpentine  oils,  418,  421. 

of  turpentine  substitutes,  418,  421. 
Bone  oil  (see  neat's-foot  oil). 
Bottlenose  oil,  440,  442. 
Brassidic  acid,  296. 
Brazil-nut  oil,  360. 
Brominated  fatty  acids,  308. 
Bromination,  method  of  Eibner  and 
Muggenthaler,  355. 

method  of  Farnsteiner,  308. 

method  of  Hehner  and  Mitchell, 
308. 
Bromine  absorption,  of  kerosene,  70. 

of  turpentine,  419. 
Bromine  absorption  value,  418,  419. 
Brown  coal  (see  lignite),  267. 
Brown-coal  tar  (see  lignite  tar). 
Büffel  butter,  368. 
Burning  oils,  290. 
Burning  point,  of  kerosene,  66. 


Burning  point,  of  lubricating  oil,  140. 

of  naphtha,  46. 

of  switch  oils,  83. 
Burning  test,  of  candles,  281. 

of  kerosene,  66. 
Burton-Marcusson  nitric  acid  test  for 

turpentine,  420. 
Butter  fat,  316,  333,  345,  368. 
Butyric  acid,  293,  320. 
Butyro-refractometer,  323. 
By-products   of   the   petroleum   in- 
dustry, 228. 

Cacao  butter  (see  cocoa  butter). 
Calorific  value,  17,  48. 

by  the  formula  of  Dulong,  87. 

of  fuel  oils,  87,  88. 

of  kerosene,  79. 

of  motor  oils,  85. 
Calorimeter,  bomb,  18. 

water  equivalent,  21. 
Cameline  oil,  364. 
Candelilla  wax,  442. 
Candle  materials,  376,  379,  381. 

adulteration,  379. 
Candle  power  (international  stand- 
ard), 66,  69. 
Candles,  279,  376. 
Capillary,  of  Ostwald,  116. 

of  Traube,  116. 

of  Ubbelohde,  117. 
Capillary  constant,  55. 
Capillary  viscosimeter,  117. 
Capric  acid,  293,  320. 
Caproic  acid,  293,  320. 
Caprylic  acid,  293,  320. 
Carbenes,  234. 
Carbolic  acid,  258. 
Carbolic  acid  in  soaps,  390. 
Carbolic  oil,  258. 
Carbolineum,  264. 
Carbonates  of  alkalies  in  soaps,  388. 
Carbon  bisulphide  in  benzol,  261. 
Carbon  content  of  crude  petroleum,  5. 
Carbon,  free,  in  tars,  256. 
Carbon  tetrachloride,  418,  424. 
Carnauba  wax,  281,  379,  442. 
Carnaubic  acid,  293,  444. 
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Castor  oil,  290,  316,  321,  354,  360. 

Castor  oil,  soluble,  430. 

Cement,  corrosive  action  of  oils  on, 

155. 
Ceresine,  additions  of  Stearine,  etc., 
248. 
definition,  244. 

detection,  in  mineral  oils,  170. 
in  waxes,  449. 
of  colophony  in,  247. 
of  paraffin  in,  244. 
of  petroleum  residues  in,  248. 
melting  and  dropping  points,  248. 
mineral  additions,  248. 
oil  content,  247. 
preparation,  243. 
refractive  index,  245. 
specific  gravity,  244. 
yield  from  ozokerite,  244. 
Cerotic  acid,  293,  320,  440,  442,  444, 

446,  449. 
Ceryl  alcohol,  443. 
Ceryl  cerotate,  440,  443. 
Cetin,  440,  443. 
Chain  grease,  188. 

Changes  in  fats  by  action  of  air,  297. 
Changes   in   lubricating  oils  during 

use,  174. 
Chaulmoogra  oil,  294. 
Chaulmoogric  acid,  294. 
Cherry-kernel  oil,  362. 
Chinese  bean  oil  (see  so  ja  bean  oil). 
Chinese  tallow,  362,  378. 
Chinese  wax,  440,  443. 
Chinese  wood  oil  (see  tung  oil). 
Chlorine,  detection  in  mineral  oils, 
172,  173. 
test  for,  in  carbon  tetrachloride, 
424. 
Cholesterin,  292,  327,  338,  384,  443, 

AAA 

in  crude  petroleum,  341. 

reactions  for,  444. 
Cholesterin  acetate,  341. 
Cleaning,  naphtha  for,  43. 
Cleaning  oils,  from  crude  petroleum, 
72. 

from  lignite -tar,  274. 


Cleansing  action  of  soap,  386. 
Clemen's  varnish  tester,  416. 
Cloudiness  in  oils,  96. 
Clupanodonic  acid,  289,  294,  314. 
Coal  tar,  220,  251. 

differentiation  of  different  tars,  222. 

extraction  of  bitumen,  242. 

foreign  tars  and  pitches  in,  221. 

quantitative  determination  in  ^as- 
phalt, 241. 
Coal-tar  oils  in  lubricating  oils,  165. 
Coal-tar  pitch,  220. 
Cocceric  acid,  294. 
Cocoa  butter,  316,  362. 
Cocoanut  oil,  316,  337,  345,  362. 

reaction  with  furfuramide,  337. 
Cod-liver  oil,  370. 
Coefficient  of  expansion,  of  fats,  315. 

of  mineral  oils,  10,  100. 
Coke,  229,  267. 

conductivity  of,  229. 
Coke-forming  value,  151. 
Coke-oven  tar,  251,  253. 
Coke-residues  in  crude  petroleum,  30. 
Coke  value,  151. 
Cold  saponification,  342. 
Cold  test  (see  also  solidification  point 
and  freezing  point),  125. 

determination,   test-tube   method, 
127. 
U-tube  method,  128. 

of  fatty  oils,  126. 

of  kerosene,  57. 

of  lubricating  oils,  163. 

marine  oils,  174. 

variability,  126,  129. 
Colophony  (see  also  rosin),  426. 

addition  of  calcium  rosin  soape,  429. 

anhydrides  and  lactones  in,  429. 

detection  in  asphalt,  227. 

differentiation  from  other  resins, 
426,  428. 

in  earth  wax,  247. 

in  mineral  oils,  147. 

in  paraffin,  247. 

reaction,  147. 
Color,  of  fatty  oils,  314. 

of  kerosene,  52. 
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Color  of  lubricating  oils,  96. 
Colorimeters,  52. 
Colza  oil  (see  rape  oil). 
Commercial  oleins,  380. 
Composition  candles,  279. 
Composition,  of  fats,  291. 

of  mineral  oils,  3. 
Compound  cylinder  oils,  135. 
Compound  greases,  188. 
Compound  machine  oils,  178. 
Compressed  asphalt,  239. 
Compressor  oils,  92. 
Concrete,  corrosive  action  of  oils  on, 

154,  156. 
Condenser  water,  187. 
Consistence  of  fats,  Kissling's  method, 

190. 
Consistency,     determination     (Kiss- 
ling),  190. 

determination  (Abrahams),  211. 

of  fatty  oils,  314. 

of  lubricating  oils,  96. 
Consistent  fats  (see  greases). 
Consistent  lubricants  (see  greases). 
Constitution,  of  fats,  295. 

of  linseed-oil  acids,  309. 
Continuous  distillation,  27. 
Contraction  of  paraffin,  278. 
Copals,  426. 

Copper  content  of  fat-pitches,  219. 
Corn  oil,  364. 

Corrections,    for    determination    of 
acidity,  144. 

for  specific  gravity,  44,  55,  104. 

for  thermometers,  27,  452,  453. 
Corrosion  of  concrete  by  oils.   154, 

156. 
Corrosive  action  of  oils,  on  cement, 
155. 

on  concrete,  155. 

on  metals,  155. 
Cottolene,  290. 
Cottonseed  oil,  290,  316,  332,  364. 

blown,  430. 

differentiation  of  crude  from  re- 
fined, 335. 
Cows'  butter,  291 ,  293,  368. 
Cracking,  24,  90. 


Creosote,  74,  272,  274. 
Creosote  oil,  259,  265. 
Creosote-oil  content,  of  motor  oils,  86. 

of  tar  oils,  272. 
Croton  oil,  293. 
Crucifer  oils,  331. 
Crude  cottonseed  oil,  differentiation 

from  refined,  335. 
Crude  glycerine,  394. 

sampling,  400. 
Crude  oil  (see  crude  petroleum). 
Crude  ozokerite,  243. 
Crude  petroleum,  1. 

asphalt  insoluble,  in  alcohol-ether, 
34. 
in  amyl  alcohol,  36. 
in  butanon,  36. 
in  ethyl  acetate,  36. 
in  normal  benzine,  34. 

asphaltic  resins,  33. 

chemical  composition,  3. 

differentiation  from  lignite-tar,  274. 

distillation  test,  23,  26. 

formation,  6. 

inflammability,  32. 

mechanical  impurities,  23,  24. 

optical  activity,  8. 

optical  properties,  32. 

paraffin  content,  37. 

physical  tests,  10. 

physiological  properties,  41. 

salts,  23. 

specific  heat  capacity,  11. 

sulphur  content,  40. 

water  content,  22. 

world's  production,  3. 

yield  of  different  fractions,  24. 
Crude  tar,  from  coal,  256. 

from  lignite,  269. 
Curcas  oil,  360. 
Curd  soaps,  386. 

Custom-house  examination,  of  crude 
petroleum  and  distillates,  29. 

of  distillation  residues,  207. 

of  fatty  acids  (Farnsteiner),  304. 

of  fatty  oils,  352. 

of  tallow,  lard  and  candle  stock, 
318. 
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Cylinder  oils,  132,  182. 
compounded,  135. 
formolit  values,  38. 

Dammar  resin,  426. 
Datura  oil,  291,  310. 
Decomposition,  spontaneous,  of  fats, 

288. 
Degras,  434,  435. 
Degras-former,  354,  435,  436. 
Del  Monte  process  of  destructive  dis- 
tillation, 251. 
Destructive   distillation    (see    distil- 
lation). 
Destructive  distillation  process  of  Del 

Monte,  251. 
Diazobenzol  reaction,  165,  222. 
Diesel  motor  oils,  85,  178. 
Digitonin  test,  340. 
Diglycerides,  291,  300,  353. 
Dika  oil  (dika  fat,  dika  butter),  362. 
Dilatometer,  101. 
Dioxystearic  acid,  294,  307. 
Discharge,  resistance  to  electric,  83. 
Disinfecting  oils,  259,  264. 
Dispersion,  323. 

Distillation,  by-products  of,  228. 
crack,  24,  90. 
destructive,  267,  285. 
fractional,  continuous,  27. 
in  vacuum,  25,  311. 
of  crude  petroleum,  24. 
of  kerosene,  62. 
of  lignite  tar,  271. 
of  naphtha,  44. 
official  methods,  26. 
with  steam,  24. 
method  of  Allen  and  Jacobs,  31. 
of  fatty  acids,  311. 
of  gas  oils,  272. 
of  petroleum  residues,  207. 
of  pitch,  223. 

of  tar  and  tar  oils,  257,  259. 
Distillation  olein,  378,  380. 
Distillation  stearine,  378. 
Dolphin  oil,  370. 
Driers,  412,  413. 
Dropping  oilers.  96. 


Dropping  point,  189,  248. 

Drying  oils,  348,  366. 

Drying  power,  of  boiled  oils,  411. 

of  fatty  oils,  297,  357. 

of  mineral  lubricating  oils,  150. 

of  varnishes,  415. 
Ductility  of  asphalt,  213. 
Dulong  formula  for  calorific  value,  87. 
Dust-laying  oils,  88. 
Dynamite  glycerine,  405. 
Dynamo  oils,  176. 

Earth  nut  oil  (see  peanut  oil). 

Earth  wax  (see  ozokerite). 

Edible  oils,  287. 

Efflux,  time  of  (see  viscosity). 

Eggs,  fat  of,  338. 

Elaeomargaric  acid,  294. 

Elaidic  acid,  295,  296. 

Elaidin  test,  296. 

Electrical  testing  of  transformer  oils, 

82. 
Elementary  analysis,   of  crude  pe- 
troleum, 5. 

of  fuel  oils,  88. 
Elemi,  426. 
Emulsifiability,  197. 
Emulsinable  oils,  196. 
Emulsification  test,  159. 
Engler  degree,  107. 

relation  to  Redwood  and  Saybolt, 
116. 
Engler  viscosimeter,  105. 
Erucic  acid,  293,  297,  304,  306,  331. 
Esterification  of  fatty  acids,  148. 
Ester  value,  344,  379,  448. 

of  resins,  426. 
Ether  test  of  Björklund,  363. 
Evaporation  test  (see  volatility). 
Explosion,  danger  of,  with  kerosene 
lamps,  58. 
with  liquid  fuels,  47. 
Explosion  pipette,  48. 
Explosive  gas  mixtures,  47. 
External  appearance,  of  greases,  189. 

of  kerosene,  52. 

of  lubricating  oQs,  96. 
Extraction  of  fats  and  oös,  313. 
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Extraction  apparatus  of  Graefe,  35. 
Extraction  benzine,  43. 

Faktis,  438. 

Fat  content,  of  mineral  oils,  160,  161. 

of  seeds,  290,  313. 
Fat-pitch,  215,  217,  219. 
differentiation  from    wool    pitch, 
219. 
Fats,  absorption  in  body,  299. 
biologic  test  for,  337. 
composition  of,  291. 
hydrolysis,  302,  376. 
liquid,  360-370. 
marine  animal,  370. 
neutral,  in  crude  fats,  379. 
in  greases,  193. 
in  oleins,  381. 
in  soaps,  387. 
odorous  substances  in,  289. 
rancidity  of,  288. 
saponifiable,  287. 
*  solidification  point,  316. 
synthesis,  291,  294. 
toxicity,  298. 
Fat,  total,  in  greases,  198. 
in  soaps,  387. 
in  turkey-red  oils,  409. 
Fatty    acids,     differentiation    from 
naphthenic  acids,  145. 
esterification,  148. 
examination  of  liquid,  306. 
free,  in  fatty  oils,  341. 
in  greases,  191. 
in  soap,  387. 
insoluble,  345. 
liquid,  306,  307. 
molecular  weight,  294,  343. 
oxy-acids,  294,  354. 
properties,  293. 
saturated,  293. 
separation,  355. 
of  considerable  amounts,  304. 
of  solid  acids  from  each  other, 

305,  310. 
of  solid  acids  from  liquid  acids, 
303. 
solid,  303,  304. 


Fatty  acids,  specific  heat  capacity, 
320. 

unsaturated,  294. 

water-soluble,  303,  345. 
Fatty  oils,  287,  290. 

biologic  test  for,  337. 

crystallographic  test  for  vegetable, 
in  animal  oil,  338. 

for  lubrication,  93. 

in  mineral  oils,  160. 

kind,  162. 

mixtures  with  mineral  oil,  93. 

order  of  tests,  358. 

specific  gravity,  99. 

spontaneous  decomposition,  288. 

synthesis,  291,  294. 

technical  products,  376. 
Fatty  sulphuric  acids,  in  turkey-red 
oils,  408. 

in  water-soluble  oils,  199. 
Fermentative  hydrolysis  of  fats,  376. 
Finkener  apparatus,  388,  389. 
Fire  risk,  of  crude  petroleum,  32. 

of  wool  oils,  406. 
Fire  test  (see  burning  point). 
Fish  oils,  289,  331,  336,  370. 
Flash  point  apparatus,  Abel,  58,  136. 

Marcusson,  136. 

open  tester,  136,  137. 

Pensky-Martens,  133. 
Flash  point,  difference  between  Pen- 
sky  and  open  test,  138. 
Flash  point,  of  alcohol,  47. 

of  benzol,  47. 

of  cleaning  oils,  93. 

of  crude  oils,  32. 

of  kerosene,  58. 

of  lubricating  oils,  130,  133. 

of  marine  lubricating  oils,  174. 

of  naphtha,  46. 

of  railway  oils,  136. 

of  switch  oils,  83. 

of  transformer  oils,  81. 

of  turpentine,  47. 
Flax  seed  oil  (see  linseed  oil). 
Flax  wax,  442. 
Float  test  for  asphalt,  210. 
Fluidity  in  cold,  125. 
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Fluorescence,  96. 
Formoiit  number,  38. 

of  paraffin,  201. 
Fractional   distillation    (see   distilla- 

.    tion). 
Fractional  precipitation  (Heintz),  310. 
Free  acid  {see  acid  value). 
Free  alkali,  in  lubricating  oils,  145. 

in  soaps,  387. 
Free  carbon  in  tar,  256. 
Freezing  mixtures,  127. 
Freezing  point,  125. 
Friction,  determination  of  the  abso- 
lute internal,  116. 

dry,  94. 

theory  of,  91. 
Frictional  coefficient,'  122,  125. 
Frictional  resistance,  125. 
Friction    machines    (see   mechanical 

testing). 
Fuel  oils,  85. 
Fuel  value  (see  calorific  value). 

Galician  crude  petroleum,  1. 
Galician  method  (solidification  point), 

271. 
Gas-engine  oils,  178. 
Gasifying  furnace,  77,  78. 
Gasifying  power  of  oils,  75. 
Gasifying  value,  75. 
Gas,  natural,  3. 
Gas  oils,  from  lignite  tar,  274. 

from  petroleum,  94. 
Gasoline,  43. 

for  pleasure  cars,  43,  51,  85. 
Gas  tar,  251. 

Gear-wheel  grease,  94,  195. 
Gelatine,  389. 

German  sesame  oil  (see  cameline  oil). 
Gingelli  oil  (see  sesame  oil). 
Glue,  169. 
Glutaric  acid,  4. 
Glycerides,  mixed,  291,  369. 

pure,  291,  312. 
Glycerine,  calculation  of  actual  con- 
tent, 399. 

crude,  394. 

dimontanic  ester,  249. 


Glycerine,  esters,  291. 
general,  391. 
lubrication,  94. 
physical  constants,  404. 
qualitative  examination,  391. 
quantitative    determination,    379, 
394. 
acetin  method,  396. 
bichromate  method,  399. 
method  of,  Benedikt-Zsigmondy, 
402. 
Shukoff-Scheetakoff,  403. 
Willstatter-Madinaveitia,  404. 
Zeisel-Fanto,  403. 
sampling,  400. 
test,  nitration,  405. 
total  residue,  395. 
Goudron,  235. 

Graefe  extraction  apparatus,  35. 
Grape  seed  oil,  353,  360. 
Graphite  (Acheson),  95. 
Greases  (consistent  fats),  93, 187. 
acid  content,  191.  * 

analysis,  188. 
consistence,  190. 
dropping  point,  189. 
examination,  188. 
external  appearance,  189. 
moisture,  194. 
rolling  mill,  188. 
soap  content»  192.    . 
total  fat,  193. 
Ground  nut  oil  (see  peanut  oil). 
Gumming  tests  (see  resinifiability). 

Hagar-Salkowski  reaction,  444. 
Half-shadow  apparatus  of  Laurent, 

141. 
Halle  method  (solidification  point), 

276. 
Halphen  reaction  for  cottonseed  oil, 

334,384. 
Hanover  crude  petroleum,  1. 
Hard  asphalt,  34. 
Hardened  oils,  381. 
Hardness  of  asphalt,  211. 
Heat  capacity,  11. 
of  fats,  321. 
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Heat  capacity,  of  fatty  oils,  320. 

of  lignite-tar  oils,  12. 

of  petroleum  products,  12. 
Heating  liquids,  458. 
Heating  value  (see  calorific  value). 
Heavy  benzol,  260. 
Heavy  oil,  259. 
Hefner  candle,  69. 
Hefner  lamp,  69. 
Hehner  value,  347,  360-370,  441. 
Hempel  gasifying  furnace,  78. 
Hempseed  oil,  366. 
Heptadecylic  acid,  291. 
Herzfeld  reaction,  423. 
Hexabromides,  331. 
Hexabromide  value,  354. 
Higher  alcohols  (see  alcohols). 
Hofmann  xanthogen  reaction,  262. 
Hog  fat  (see  lard). 
Horse  fat,  368. 
Htibl  iodine  solution,  352. 
Hydrocarbons,  in  beeswax,  450. 

in  crude  petroleum,  3. 

in  oleins,  446. 

in  rosin  oils,  164. 

in  wool  grease,  445. 

unsaturated  in  kerosene,  65. 
Hydrogenation  of  oils,  381. 4 
Hydrogen  content,  of  crude  petrol- 
eum, 5. 

of  fuel  oils,  88. 
Hydrogen  value,  309. 
Hydrolysis,  302. 

of  fats,  302,  376. 
Hydrometers,  97. 
Hydroxamic  acid,  312. 
Hypogaeic  acid,  306,  360. 

Ichthyol,  283. 
Ignition  point,  140. 
Illuminating  oil  (see  kerosene),  1. 
Impregnating  oil,  259,  264. 
Impurities,  mechanical,  23,  35,  97, 

169,  325. 
Indophenm  reaction,  262. 
Inflammability,  of  crude  petroleum, 

32. 
of  kerosene,  58. 


Inflammability,    of  lubricating   oils, 
130,  133. 

of  naphtha,  46. 
Insect  wax  (see  Chinese  wax). 
Insulating  power  of  transformer  oils, 

82. 
Iod-behenic  acid,  437. 
Iodine  value,  348. 

calculation  according  to  Sherman 
and  Falk,  433. 

difference  in  Hübl  and  Wijs  values, 
353. 

inner,  306. 

method  of  Hübl,  352. 
Waller,  350. 
Wijs,  352. 

of  blown  oils,  431. 

of  boiled  oils,  411. 

of  fats,  360-370 

of  lignite-tar  products,  274,  275. 

of  (liquid)  fatty  acids,  303. 

of  naphthenic  acids,  233. 

of  petroleum  products,  70. 

of  resins,  426. 

of  rosin  oil,  164. 

of  turpentine,  419. 

of  waxes,  440,  442,  443,  444. 
Iodized  fats,  437. 
Iodoform  test,  198. 
Isobutyl-acetic   acid  (caproic   acid), 

293. 
Isocholesterin,  444. 
Isolinolenic  acid,  294,  307,  308. 
Isolinusic  acid,  307. 
Iso-oleic  acid,  296,  304,  306,  376. 
Isopropyl  iodide,  403. 

Japanese  fish  oil,  316,  370. 

Japanese  wood  oil  (see  tung  oil). 

Japonic  acid,  294. 

Japan  tallow  (see  Japan  wax). 

Japan  wax,  362. 

Jecoleic  acid,  371. 

Jecoric  acid,  370. 

Kapok  oil,  364. 
Kauri  copal,  426. 
Kerosene,  1,  51. 
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Kerosene,  acidity,  65. 

appearance,  52. 

ash,  05. 

burning  point,  62. 

burning  test,  62. 

calorific  value,  70. 

carbides  in,  65. 

cold  test,  57. 

definition,  51. 

differentiation  from  turpentine  sub- 
stitutes, 272,  421. 

distillation  (fractional),  62. 

flash  point,  58. 

fraction,  24. 

hydrocarbons  in  soap,  390. 

purity,  62. 

sodium  hydroxide  test,  65. 

solidification  point,  57. 

source,  70. 

specifications,  71. 

specific  gravity,  54. 

sulphur  content,  62. 

tester  (flash  point),  58. 

viscosimeter,  56. 

viscosity  (Engler),  55. 
Kissling's  method  of  determining  the 

consistence  of  fats,  190. 
Kiton,  88,  197. 

Kopp's  rule  for  heat  capacity,  14. 
Kosmos  burner,  68,  70. 
Köttstorfer  saponification  value,  342. 
Krebitz  saponification  value,  377. 

Lactones,  381,  429. 

Lamp  oil,  372,  373. 

Land  animals,  oils  and  fats,  368. 

Lanoceric  acid,  444. 

Lanolin,  443. 

Lanopalmic  acid,  294,  444. 

Lard,  291,  368. 

Lard  oil,  316,  368. 

Laurel  oil,  362. 

Laurie  acid,  293,  312,  320,  337. 

Lavate  oil,  290. 

Lead  soaps,  303. 

from  blown  oils,  431. 

in  varnishes,  429. 
Lecithin,  292. 


Leeching  test,  171. 

Liebermann  test,  221,  367,  426,  444. 

Liebermann-Storch  test,  163,  389. 

Light  oil,  257. 

Lighting  power  of  kerosene,  66. 

Lignite,  267. 

Lignite  tar,  267,  270. 

physiological  properties,  42. 

specific  heat  capacity,  12. 
Lignite-tar  oils,  166,  271,  274,  327. 

differentiation,  from  crude   petro- 
leum distillates,  274. 
from  lignite-tar  pitch,  223. 
Lignite-tar  pitch,  222,  223. 
Lignoceric  acid,  293,  328. 

separation,  328. 
Lime,  free,  194. 

Linolenic  acid,  294,  307,  308,  354. 
Linoleum,  436. 

Linolic  acid,  294,  296,  307,  308,  354. 
Linoxyn,  298,  436. 
Linseed  oil,  309,  316,  336,  356,  365. 
Linseed  oil  varnish,  411. 
Linusic  acid,  307. 
Lithographic  varnish,  411. 
Liver  oil,  316. 
Loading  materials,  in  greases,  194. 

in  soaps,  389. 
Lubricating  devices,  95. 
Lubricating  greases  (see  greases). 
Lubricating  oils,  3, 89. 

external  appearance,  96. 

order  of  tests,  173. 

preparation,  89. 

recovered,  174. 

requirements,  90. 

specifications,  174-184« 
Lubricating  value,  91. 
Lucigen  oil,  265. 
Lux  test,  160. 

Mace  butter,  293,  362. 
Machine  oils,  154,  176. 
Mackey  apparatus,  407. 
Maize  oil  (see  corn  oil),  364. 
Malthenes,  234. 
Manganese  soaps,  411,  412. 
Manila  copal,  426. 
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Marble  wax,  243. 
Margaric  acid,  291,  310. 
Margarines,  334. 
Marine  animal  fats,  370. 
Marine  oils,  430. 

examination,  430. 

specifications,  174. 
Martens  machine,  123. 
Mastic,  426. 
Masut,  86. 

Mechanical  impurities,  in  crude  pe- 
troleum, 23,  34. 

in  fats,  325. 

in  lubricating  oils,  97,  169. 
Mechanical  testing,  of  oils,  122. 

of  varnishes,  415. 
Melissic  acid,  293. 

Melting  point,  double,  of  glycerides, 
292. 

of  beeswax,  448. 

of  ceresine,  248. 

of  fats,  316. 

of  paraffin,  276,  279. 

of  pitches,  208. 
Menhaden  oil,  316,  370. 
Mercury  bromide  test  for  petroleum 

pitch,  218. 
Metals,  corrosive  action  of  oils  on, 

155. 
Metal  soaps,  detection  in  lubricating 

oils,  170. 
Methyl  alcohol,  286. 
Methylal  condensation  products,  39. 
Mexican  asphalt,  238. 
Middle  oil,  258. 
Mflliau  reaction,  336. 
Mineral  acid,  free,  in  lubricating  oils, 

143. 
Mineral  lubricating  oils,  89. 
Mineral  oils  {see  also  lubricating  oils). 

composition,  3. 

from  lignite  tar,  270. 

in  fatty  oils,  326. 

in  wool  grease,  445. 

in  wool-grease  olein,  446. 

preparation,  89. 

specific  gravity,  97. 
Mineral  tar,  235. 


Mkani  fat,  291. 

Moellon,  434. 

Mohr  balance,  100. 

Molecular  weight,  of  fatty  acids,  344. 

of  lignite-tar  products,  16. 

of  triglycerides,  344. 
Monoglycerides,  295,  353. 
Montanic  acid,  249. 
Montanic  acid  glyceryl  ester,  249. 
Morawski  reaction,  147. 
Montan  wax,  248,  267,  281. 
Motor  cylinder  oil,  178. 
Motor  oils,  85. 

Mucilaginous  bodies  in  oils,  325. 
Mustard  oil,  290,  364. 
Mustard  seed  oil,  364. 
Mutton  tallow,  319,  368. 
Myricyl  alcohol,  442. 
Myricyi  cerotate,  442. 
Myricyl  palmitate,  440,  443. 
Myristic  acid,  293,  312,  320,  444. 

Naphtha,  1,  42,  44. 

aromatic  hydrocarbons,  49. 

automobile,  43,  51,  85. 

burning  point,  58. 

calorific  value,  48. 

color,  odor,  43. 

crude,  42. 

danger  of  explosion,  47. 

flash  point,  46. 

for  commercial  cars,  43. 

for  extraction,  44. 

in  turpentine,  420. 

in  water-soluble  oils,  198. 

normal  benzine,  50. 

pine  oil  in,  50. 

purity,  50. 

solubility  in  alcohol,  50. 

solubility  in  nitric  acid,  420. 

specifications,  51. 

specific  gravity,  44. 

turpentine  oil  in,  50. 

turpentine  substitutes,  42,  417,  421. 

vapor  pressure,  45. 

volatility,  44. 
Naphthalene  oil,  259. 
Naphthenes,  1,  3,  6. 
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Naphthenic  acids,  233. 

differentiation    from   fatty    acids, 
145. 

in  kerosene,  05. 
Naphthylamine,  168. 
Nastjukoff  test,  38. 
Natural  asphalt  (see  asphalt). 
Natural  gas,  3. 
Neat's-foot  oil,  316,  368. 
Needle  oilers,  96. 
Neutral  fats  (see  fats). 
Nickel,  detection  in  fats,  385. 
Nitration  of  glycerine,  405. 
Nitric  acid  test  for  turpentine,  420. 
Nitrobenzol,  168,  420. 
Nitrogen  content  of    crude  petrol- 
eum, 5. 
Nitrogen  determination  in  lubricat- 
ing oils,  172. 
Nitroglycerine,  405. 
Nitronaphthalene,  168. 
Non-drying  oils,  348,  360,  362. 
Normal  benzine,  34,  51. 
Normal  candle,  69. 
Nutmeg  butter  (see  mace  butter). 
Nut  oil  (see  walnut  oil). 

Octobromides,  331. 
Odor,  of  fatty  oils,  314. 

of  kerosene  on  burning,  62. 

of  lubricating  oils,  97. 

of  naphtha,  43. 
Odorous  substances  in  fats,  289. 
Official  methods  (see  customs  house 

examination). 
Oil  cakes,  313. 
Oil  content,  of  ceresine,  246. 

of  fats,  313. 

of  paraffin,  201. 
Oildag,  95. 
Oilers,  dropping,  96. 
Oilers,  wick,  96. 
Oil-gas  tar,  251,  254. 
Oil  paints,  414. 
Oils,  drying,  348,  366. 

non-drying,  360,  362. 

semi-drying,  364. 
Oil  seeds,  290. 


Oils  for  bearings,  176. 

Oil-testing  machines,  122. 

Oil  varnish,  428. 

Olefins,  4. 

Oleic  acid,  293,  295,  296,  306,  307, 

308,  309,  378. 
Oleins,  380. 

Olive  kernel  oil,  290,  360. 
Olive  oil,  290,  316,  321,  329,  360. 
Optical    activity    (rotation),    deter- 
mination, 140. 

of  castor  oil,  140. 

of  crude  petroleum,  6»  8,  9. 

of  mineral  oils,  140, 164. 

of  montan  wax,  250. 

of  rosin  oils,  140,  164. 

of  sesame  oil,  140. 

of  turpentine,  418. 
Optical  properties  of  crude  oils,  32. 
Order  of  tests,  with  fatty  oils,  358. 

with  greases,  188. 

with  mineral  lubricating  oils,  173. 
Organic  sulphuric  acid  derivatives  of 

kerosene,  64. 
Origin  of  crude  petroleum,  6. 
Oxidation,  degree  of,  354. 
Oxidised  oils,  430. 

differentiation   from   polymerised, 
298. 
Oxyaoids,  307,  353,  354,  430,  431. 
Oxygen,  absorption,  152,  206,  357. 

action,  on  fatty  oils,  357. 
on  mineral  oils,  150. 

active  in  soaps,  390. 

content  of  crude  oils,  5. 

dissolved  in  oils,  152. 
Oxygen  liberating  substances  in  soap 

powders,  390. 
Oxystearic  acid,  307. 
Ozokerite,  243. 

analysis,  243. 
Ozonised  oils,  411. 

Paints,  414. 

Palmitic  acid,  293,  312,  320,  443. 

Palm  kernel  oil  (see  palm  nut  oil). 

Palm  nut  oil,  316,  362. 

Palm  oil,  316,  362. 
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Paraffin,  1,  199,  275. 
content,  of  lubricating  oils,  170. 
of  ozokerite,  244. 
of  paraffin  masses,  201. 
of  petroleum  residues,  215. 
detection,  in  beeswax,  450. 
in  benzols,  263. 
in  ceresine,  244. 
in  fatty  oils,  327. 
determination,  37. 

in  petroleum  residues,  215. 
differentiation,  from  ceresine,  244. 
of  petroleum  and  lignitic  paraffin, 
202,278. 
formolit  number,  201. 
soft,  201,  273,  276. 
sulphur  content,  202. 
yellowing,  201. 
Paraffin  candles,  279. 
itch,  42. 

masses  from,  crude  petroleum,  202. 
lignite  tar,  275. 
Paraffin  scales,  200. 
Para-nut  oil  (see  brazil  nut  oil),  360. 
Patent  reform  burner,  68. 
Peanut  oil,  290,  316,  328,  329,  360. 
Peat  tar,  285. 
Pelargonie  acid,  296.  ' 
Penetration  machine,  212. 
Penetration  test  of  asphalt,  212. 
Pensky-Martens  tester,  133. 
Perfumes,  168. 
Perilla  oil,  357,  366. 
Petroleum,  crude,  chemical  composi- 
tion, 3. 
chemical  examination,  22. 
color,  1. 

distillation  of,  1. 
occurrence,  1. 
physical  examination,  10. 
production,  2. 
products,  2. 
refining,  1. 
sulphur  in,  2. 
synthetic,  6. 
Petroleum  asphalt,  207. 
Petroleum  hydrocarbons  in  soap,  390. 
Petroleum,  optical  activity,  6,  8,  9. 


Petroleum  pitch,  207,  259. 

detection  in  ceresine,  248. 

differentiation    from    natural    as- 
phalt, 239. 

distillation  test,  224. 

mercury  bromide  test,  218. 

sulphur  content,  224. 
Petroleum  poisoning,  41. 
Phenol  {see  carbolic  acid),  258. 
Phenols,  258. 
Photometer  tests,  66,  281. 
Physetoleic  acid,  293. 
Physic  nut  oil  (see  curcas  oil). 
Physiological    properties,    of    crude 
petroleum,  41. 

of  fats,  298. 

of  lignite  tar,  42. 
Phytosterin,  292,  327,  338,  384,  442. 
Phytosterin  acetate  test,  341,  384. 
Phytosterin  test,  338. 
Picene  fraction,  228. 
Pimaric  acid,  147. 
Pinene,  147. 

Pinene  nitroso-chloride,  419. 
Pine  oil,  417,  422. 

in  naphtha,  50. 
Pine  tar,  220. 
Pine-tar  pitch,  220. 
Pinolin  (see  rosin  spirits),  162. 
Pitch  (see  asphalt). 
Pitch-like  distillation  residues,  207- 

227. 
Plukenetia  oil,  366. 
Poisseuille  formula,  116. 
Polariscope,  140. 
Polenske  value,  346. 
Police  regulations  regarding  mineral 

oils,  32. 
Polymerized  oil,  298. 
Polymethylenes,  4. 
Poppy-seed  oil,  316,  357,  366. 
Porpoise  oil,  370. 

Precipitation,  fractional  (Heintz),  310. 
Press  tallow,  376. 
Protein  acids,  250. 
Protein  impurities,  325. 
Proteins,  9. 
Provence  oil,  290. 
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Pumpkin  seed  oil,  364. 
Purging  nut  oil  (see  curcas  oil). 
Purity,  of  kerosene,  62. 

of  lubricating  oil,  171. 

of  naphtha,  50. 
Putty,  414. 
Pycknometer,  of  Gintl,  316. 

of  Gockel,  98. 

of  Sprengel,  100. 
Pyridine  bases,  258. 
Pyropissite,  269. 

Radiation,  correction  for,  20. 
Railway  car  oils,  92,  154,  180. 

corrosive  action  of,  154. 
Rancidity  of  fats,  288,  297. 
Rape  oil,  290,  316,  331,  336, 344,  357, 
364. 

blown,  430. 

differentiation  from  blown  cotton- 
seed oil,  431. 
Rapic  acid,  293. 

Ratio  of  ester  to  acid  value,  443,  448. 
Recovered  (black)  oil,  439. 
Red  oil,  270. 
Redwood  degree,  relation  to  Engler 

degree,  116. 
Redwood  viscosimeter,  114,  115. 
Reichert-Meissl  value,  345,  360-370, 
440-443. 

determination  in  marine  oils,  432. 
Refining,  by-products  of,  228. 

changes  in,  of  fatty  oils,  289. 

of  ceresine,  245. 

of  fatty  oils,  360-370. 

of  mineral  oils,  142,  164. 

of  resins,  418. 

of  rosin  oils,  142,  164. 
Refining  of  crude  petroleum  distil- 
lates, 23. 
Reform  burner,  69. 
Refractive  index,  142,  321,  360-370. 
Ref ractometer,  321. 
Refrigerating  machinery  oils,  92,  94, 

176. 
Residueon  evaporation  of  naphtha,  44. 
Residues,  formation  from  lubricating 
oils,  175. 


Residues,  from  distillation,  203. 

Resinates,  429. 

Resinifiability,  of  mineral  oils,  150. 

of  rosin  oils,  163. 
Resinification  constants,  151. 

test,  84,  151. 
Resins,  examination,  425. 

soaps  of  heavy  metals  in,  429. 
Resistance  to  electric  discharge,  83. 
Ricinelaidic  acid,  294. 
Ricinoleic  acid,  294,  306,  354. 
Ricinoleo-sulphuric  acid,  408. 
Rolling  mill  grease,  188. 
Rope  greases,  188. 

Rosin   (see  colophony),   acid  value, 
426,  428. 

ammonium  soaps  in,  429. 

detection,  in  fatty  oils,  326. 
in  mineral  oils,  164. 

ester  value,  426. 

in  boiled  oils,  414. 

in  fatty  oils,  148,  367. 

in  mineral  lubricating  oils,  146. 

in  wool  grease,  445. 

in  wool-grease  oleins,  446. 

iodine  value,  426. 

lactones  in,  429. 

metal  soaps  in,  429. 

ester  value,  426. 

saponification  value,  426. 

solubility,  427. 
Rosin  content  of  mineral  lubricating 

oils,  147. 
Rosin  lime  soap,  429. 
Rosin  oils,  162,  445. 

as  transformer  oils,  81. 
Rosin  soap  (calcium  resinate),  429. 
Rosin  spirits,  162,  422. 
Rotatory  power   (see  optical  activ- 
ity). 
Rubber  in  oils,  166. 
Rubber  substitutes,  438. 
Rust-preventing  oils,  196. 
Rust-preventing  power,  197. 

Sajodin,  437. 

Salts,  in  crude  petroleum,  23. 
in  kerosene,  65. 
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Salts  in  mineral  oils,  169. 
Sandarac,  426. 

San  Valentino  asphalt,  235,  240. 
Saponaphtha,  233. 
Saponifiable  fats,  287. 
Saponification,  cold,  342. 

hot,  342. 

in  steps,  300. 

Leffmann-Beam,  346. 

methods  of,  376. 

rate  of,  300. 

theory  of,  299. 
Saponification  olein,  377,  380. 
Saponification  process,  376. 
Saponification  Stearine,  377,  379. 
Saponification  value,  160,  341. 

of  blown  oils,  431. 

of  boiled  oils,  412. 

of  fats,  360-372. 

of  naphthenic  acids,  233. 

of  pitches,  218. 

of  resins,  426. 

of  triglycerides,  344. 

of  waxes,  440,  442,  443,  448. 

of  wool  oil,  445. 
Sardine  oil,  370. 
Sativic  acid,  307. 
Saybolt  viscosimeter,  114. 

degree,  relation  to  Engler  degrees, 
116. 
Seal  oil,  316,  370. 
Sediments  in  oils,  325. 
Semi-drying  oils,  348,  364. 
Separation  of  solid  acids  from  each 

other,  310. 
Separation  of  solid  from  liquid  acids, 

303. 
Serger  reaction,  337. 
Sesame  oil,  290,  316,  364. 

detection,  333,  334. 
Setting  point  (see  cold  test). 
Shale  oil,  270,  282. 
Shale  tar,  282. 
Shellac,  426. 
Shukoff  apparatus,  277. 
Siccatives,  412,  413. 
Silver  nitrate  test  for  cottonseed  oil, 
336. 


Sitosterin,  340 
Soap,  alkali,  198,  385. 

ammonium,  in  water-soluble  oils, 
198. 

analysis,  387. 

base,  159. 

hard,  386. 

hydrolysis,  302. 

in  greases,  192. 

in  lubricating  oils,  158,  170. 

soft,  385. 

specifications  for,  392. 
Soap  powders,  390. 
Soaps  of  heavy  metals  in  resins,  429. 
Soap  stock,  290. 
Sodium  hydroxide  test,  65. 
Sodium  soap,  386. 
Sodium  thiosulphate,  351. 
Sod  oil  (see  degras). 
Soja  bean  oil,  357,  364. 
Solar  oil,  64. 
Solidification  point,  of  ceresine,  248. 

of  kerosene,  57. 

of  lignite-tar,  271. 

of  liquid  fats,  317,  360-370. 

of  lubricating  oil,  125. 

of  paraffin,  276. 

of  solid  fats,  316,  362-370. 

of  water-soluble  oils,  197. 

of  waxes,  440,  442,  443. 
Soltsien  reaction,  334. 
Solubility,  of  fats  and  oils,  315. 

of  water  in  oils,  22. 
Soluble  oils  (see  water-soluble  oils). 
Solvent  naphtha,  260. 
Soy  bean  oil  (see  so  ja  bean  oil). 
Specifications,   for   boiled   oils   and 
dryers,  413. 

for  bone  oil,  374. 

for  Diesel  motor  oils,  86. 

for  fuel  oils,  88. 

for  gas  oils,  80. 

for  glycerine,  405. 

for  greases,  195. 

for  impregnation  oils,  265. 

for  kerosene,  71. 

for  linseed,  372,  373,  374. 

for  lubricating  oils,  174-184. 
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Specifications,  for  lucigen  oil,  265. 
for  motor  oils,  51. 
for  naphtha,  51. 
for  olive  oil,  374. 
for  pine  oil,  424. 
for  rape  oil,  372,  373,  374. 
for  soaps,  392. 
for  transformer  oils,  83. 
for  turpentine  oil,  424,  425. 
Specific    gravity,    calculation,    with 
blown  oils  in  marine  oils,  433. 
correction,  99. 
determination,  95. 
alcohol  flotation  method,  99. 
at  high  temperatures,  100. 
with  hydrometers,  97. 
with  the  pycknometer,  of  Gintl, 
316. 
of  Gockel,  98. 
of  Sprengel,  100. 
with  the  Westphal  balance,  100. 
of  beeswax,  448. 
of  blown  oils,  431,  432. 
of  boiled  oils,  411. 
of  crude  petroleum,  10. 
of  crude  tars,  256. 
of  distillation  residues,  214. 
of  fats,  99,  316,  360-370. 
of  kerosene,  54. 
of  lignite  tar,  270. 
of  lubricating  oils,  95,  99. 
of  naphtha,  44,  417. 
of  paraffin  and  ceresine,  244. 
of  rosin  oil,  164. 
of  tars,  251. 
of  tar-oils,  99. 
of  turpentine,  417. 
of  turpentine  substitutes,  417. 
of  waxes,  440,  442,  443. 
recalculation,  44,  54,  104,  315,  316. 
Specific  heat  capacity  (see  heat  ca- 
pacity). 
Specific  rotation,  142. 
Specific  viscosity  (see  viscosity),  116. 
calculation   from   Engier  degrees, 

119. 
calculation  from  time  of  efflux,  118. 
Spent  lyes,  232. 


Spermaceti  (see  cetin),  440,  443. 

Sperm  oil,  316,  440,  442. 

Spindle  oils,  176. 

Spontaneous  combustion,  357. 

Starch  in  soaps,  389. 

Steam  cylinder  oils,  92,  154,  159. 

Steam  distillation  of  crude  petroleum, 

25. 
Steam  turbine  oils,  151,  176. 
Stearanilide,  278,  281. 
Stearic  acid,  291,  293,  310,  320,  376. 
detection  in  candles,  280. 
in  mixtures  of  fatty  acids,  305. 
in  wax,  449. 
Stearin  (see  also  Stearine),  319. 
Stearine  candles,  376. 
Stearine  pitch  (see  fat-pitch),  376. 
Stigmasterin,  339,  340. 
Storch-Liebermann  reaction  for  rosin 

oil,  163. 
Street-sprinkling  oils,  197. 
Sulpho-acids,  65,  230. 
Sulphonated  oils  (see  turkey-red  oil). 
Sulphonation,  221. 

Sulphur,    content,    of    asphalt   and 
pitches,  224. 

of  crude  petroleum,  2. 

of  lignite  tar,  272,  275. 

of  motor  oils,  88. 

of  paraffin,  202. 

of  petroleum  products,  40,  275. 

of  tar  oils,  272. 

detection,  84,  172. 

determination,  in  coal,  173. 

in  fuel  oils,  87. 

in  kerosene,  62. 

in  lubricating  oils,  172. 

in  pitches,  224. 

in  rubber  substitutes,  439. 
Sulphuric  acid  hydrolysis  of  fats,  376. 
Sulphurization,  artificial,  224. 
Sulphur  oil,  290. 
Summer  oil,  180. 
Sunflower  oil,  316,  366. 
Surface  tension,  55. 
Suspended  substances  in  lubricating 

oils,  169. 
Sweating  process,  200. 
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Switch  oils,  83. 
Sylvestrene  reaction,  423. 
Synthesis  of  fats,  291,  294. 
Synthetic  petroleum,  6. 

Tallow,  316,  368. 

beef,  368. 

Chinese,  362,  378. 

mutton,  316,  368. 

vegetable,  362,  378. 
Tallow  oil,  368. 
Tararos  asphalt,  224,  235. 
Tar,  coke-oven,  251,  253. 

distillation  residues,  207. 

from  coal,  256. 
lignite,  269. 

gas,  251. 

oil-gas,  251,  254. 

water-gas,  251,  254. 
Tar  hydrocarbons  in  soap,  390. 
Tariff  on  crude  oil  and  distillates,  29. 
Tariric  acid,  294. 

Tar  oils,  detection,  in  mineral  oils,  165, 
166. 
from  coal,  257. 
from  lignite,  270. 
Tars,  251. 
Tar  value,  84,  151. 
Tar,  yield  of,  268. 
Teel  oil  (see  sesame  oil). 
Thermometer   corrections,    27,    452, 

453. 
Thickened  natural  asphalt,  237. 
Thickened  oils,  430. 
Thiophene  detection  in  benzol,  262. 
Tiglic  acid,  293. 
Titer  test,  317,  378. 
Toilet  soap,  386. 
Tournant  oils,  290. 
Tovote  greases,  93,  188. 
Toxicity  of  fats  in  body,  298. 
Transformer  oils,  81. 
Transparency  of  oils,  96,  314. 
Triglycerides,  291,  295,  344. 
Trimethylene  glycol,  401. 
Trinidad  asphalt,  234. 
Trinidad  epure\  235. 
TVouton's  rule,  16. 


Tung  oil,  298,  332,  357,  366. 
Turbine  oils,  151,  176. 
Turkey-red  oils,  408. 
examination,  409. 
Turpentine,  415,  417. 

detection,  in  mineral  oils,  50, 420. 
of  benzol  in,  424. 
of  carbon  tetrachloride  in,  423. 
of  naphtha  in,  420. 
of  pine  oil  in,  423. 
of  rosin  spirits  in,  422. 
nitric  acid  test,  420. 
regenerated,  418. 
substitutes,  417,  421,  425. 
testing,  417. 
Turpentine  substitutes,  42,  417. 
differentiation  from  kerosene,  272, 
421. 
Twitchell's  hydrolysis,  377. 
potassium  hydroxide,  148. 
reagent,  377. 

Unsaponifiable  matter,  in  boiled  oils, 
412. 
in  montan  wax,  250. 
in  woqI  fat,  445. 
in  wool-fat  olein,  446. 
qualitative  detection  in  fats,  326. 
quantitative  determination  in  fats, 

327. 
separation  by  the  method  of  Spitz 
and  Honig,  161. 
Unsaturated  bodies  in  benzol,  263. 
Urinal  oils,  264. 

Vacuum,  reduction  of  weight  to,  454. 
Valenta  test,  for  coal-tar  oils,  165. 
Valerianic  acid,  320. 
Vaporization,  heat  of,  14. 

of  lignite-tar  products,  16. 
of  petroleum  products,  16. 
of  water,  21. 
Vapor  pressure  of  naphtha,  45. 
Vapor  pressure  of  water,  155. 
Varnish,  356,  415,  425. 
chemical  examination,  417. 
mechanical  testing,  415. 
volatile  solvents,  416. 
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Varnish  tester,  Clemens,  416. 
Varrantrap's  method,  303. 
Vaseline,  202. 

artificial,  203. 

briquets,  188. 

differentiation    of    natural    from 
artificial,  205. 

formolit  value,  38. 

in  mineral  oils,  170. 

natural,  202. 

oil,  94. 

properties,  203. 

testing,  203. 
Vegetable  fats  and  oils,  287. 
Vegetable  fats,  detection,  338. 

detection  in  animal  fats,  341. 
Vegetable  oils,  drying,  366. 

non-drying,  360,  362. 

semi-drying,  364. 
Vegetable  tallow,  362,  378. 
Viscosimeters,  Engler,  105. 
(Holde  modification),  106. 
(Martens  modification),  107. 
(Ubbelohde  modification),  107. 

for  high  temperatures,  112. 

for  kerosene,  56. 

for  lubricating  oils,  105. 

Lemansky-Nobel,  112. 

Redwood,  114,  115. 

Saybolt,  114,  115. 

standardization,  56,  105. 

Traube-Ubbelohde,  117. 
Viscosity,  55,  104. 

absolute  internal,  116. 

change  of,  111. 

determination,  106. 
at  high  temperatures,  112. 
shortened  methods,  109. 

of  fatty  oils,  360-370. 

of  kerosene,  57. 

of  lubricating  oils,  104-122. 

of  mineral  oils,  176-184. 

of  naphtha,  57. 

of  oil  mixtures,  110. 

of  pitch,  207. 

of  switch  oils,  83. 

of  transformer  oils,  81,  83. 

specific  (see  specific  viscosity),  116. 


Volatile  components  of  water-soluble 

oils,  198. 
Volatility,  of  mineral  oils,  81,  131, 
163. 
of  naphtha,  44. 
of  rosin  oils,  163. 

Wagon  grease,  94,  188. 
Waller  iodine  solution,  350. 
Walnut  oil,  366. 
Washing  powders,  390. 
Water,    determination    (method    of 
Marcusson),  22. 

in  coal  tar,  257. 

in  crude  oil,  22. 

in  degras,  435. 

in  greases,  194. 

in  lubricating  oils,  156. 

in  soap,  387. 

vapor  pressure  of,  155. 
Water  equivalent  of  calorimeter,  21. 
Water-gas  tar,  251,  254. 
Water-soluble  materials  in  lubricat- 
ing oils,  169. 
Water-soluble  oils,  196. 

composition,  197. 

emulsifiability,  197. 

preparation  and  use,  196. 

rust-preventing  power,  197. 

solidification  point,  197. 
Waxes,  440. 

differentiation  from  fish  oils,  442. 

liquid,  327,  440,  441. 

solid,  animal,  443. 
vegetable,  442. 
Weight,  reduction  to  vacuum,  454. 
Weraecke  apparatus,  77. 
Westphal  balance,  100. 
Westrumite,  197. 
Whale  oil,  316,  360. 
White  mustard  seed  oil,  364. 
Wick  carbonization,  64. 
Wick  oilers,  96. 
Wijs  iodine  solution,  352. 
Winter  oil,  180. 
Wood  cement,  265. 
Wood  oil  (Chinese)  (see  tung  oil),  366. 
Wood  tar,  219. 
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Wood-tar  pitch,  220. 
Wood  turpentine,  416,  423. 
Wool  fat,  443. 
Wool-fat  distillates,  447. 
Wool-fat  olein,  445. 
Wool-fat  pitch,  219. 
Wool-fat  Stearine,  447. 
Wool  grease  (see  wool  fat). 
Wool  oils,  definition,  406. 


Wool  oils,  fire  risk  of,  406. 

specifications,  406. 
Wool  wax,  443. 

Xanthogen  reaction  for  carbon  di- 
sulphide,  262. 

Zanzibar  copal,  426. 
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